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(57) Abstract: Methods are 

disclosed for identifying osteogenic 
promoting compounds by contacting 
test compounds with a target gene 
polypeptide or fragment thereof, 
which target gene is identified 
as involved in the osteogenesis 
process, and measuring a compound 
polypeptide osteogenesis property. 
Also disclosed are methods of 
promoting osteogenesis by contacting 
progenitor cells with an effective 
osteogenic stimulating amount of 
an agonist of a target gene or an 
expressible nucleic acid of SEQ 
ID NO. 1-18, and may be used for 
the treatment or prevention of an 
imbalance in bone homeostasis. A 
further aspect is a method to produce 
bone tissue in vitro, by contacting a 
target gene agonist or an expressible 
nucleic acid of SEQ ID NO. 1-18 
with a vertebrate cell population 
including osteoblast progenitor cells 
on a substrate. 
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10 METHODS AND COMPOSITIONS TO PROMOTE BONE HOMEOSTASIS 

Field of Invention 

This invention relates to the field of bone metabolism, and in particular, to 
methods, therapies, and compositions useful, for the prevention and treatment of diseases 
15 associated with an imbalance, or disturbance, in bone homeostasis in humans and other 
animals. 

Bone is a dynamic tissue that is continuously being destroyed (resorbed) and 
rebuilt, by an intricate interplay between two distinct cell lineages: bone-fbrming cells, 
known as osteoblasts and bone-resorbing cells, known as osteoclasts. The cascade of 

20 transcription factors and growth factors involved in the differentiation or progression from 
progenitor cell to functional osteoclast is well established. In contrast, little is known 
about the factors involved in the progression of osteoblasts from progenitor cells. The 
mesenchymal progenitor or stem cells (MPCs) represent the starting points for the 
differentiation of both osteoclasts and osteoblasts. During embryonic development in vivo, 

25 bone formation occurs through two distinct pathways: intramembranous and/or 
endochondral ossification (see Figure 1; taken from Nakashima and de Crombrugghe, 
(2003)). During intramembranous ossification, flat bones such as those of the skull or 
clavicles, are formed directly from condensations of mesenchymal cells. During 
endochondral ossification, long bones, such as limb bones, are formed from a cartilage 

30 intermediate formed during mesenchymal condensation, which intermediate is invaded 
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during further development by endothelial cells, osteoclasts and mesenchymal cells that 
further differentiate into osteoblasts and osteocytes. During this latter differentiation into 
osteoblasts, bone alkaline phosphatase activity (BAP) is up-regulated. 

5 A number of diseases are the direct result of a disturbance in the fine-tuned balance 

between bone resorption and bone formation. These diseases for the most part are skeletal 
diseases and inflict a large number of patients. Exemplary diseases include hypocalcaemia 
of malignancy, Paget' s disease, inflammatory bone diseases such as rheumatoid arthritis 
and periodontal disease, focal osteogenesis occurring during skeletal metastases, 
10 Crouzon's syndrome, rickets, opsismodysplasia, pycnodysostosis/Toulouse-Lautrec 
disease, osteogenesis imperfecta, and osteoporosis. The single most prevalent bone disease 
is osteoporosis, which affects 1 in 5 women over 50 and 1 in 20 men over 50. 

Reported Developments 

A number of treatments have been developed and made available to patients 
15 suffering from osteoporosis and related skeletal diseases. These therapeutic approaches 
primarily are directed to increasing net bone formation and include: hormone replacement 
therapy (HRT); selective estrogen receptor modulators (SERMs); bisphosphonates; and 
calcitonin. While these treatments slow down bone resorption, they don't abolish 
fracturing because the lost bone is not sufficiently replenished. Fracturing will be 
20 prevented only if bone formation is sufficiently increased. Therefore, there is great interest 
in identifying osteogenic pathways that enhance bone anabolism as a basis for therapeutic 
intervention. 

Parathyroid hormone (PTH) 1-34 is the only bone anabolic therapy on the 
osteoporosis therapeutic market. While PTH displays bone anabolic effects when 
25 administered intermittently, it needs to be injected daily, and may have tumorgenic side 
effects, based on the observation that tumors form in animals treated with at PTH in high 
doses. 

Bone morphogenetic proteins (BMPs) are another class of bone anabolic 
therapeutics, but have only been approved for niche markets. Receptors for the bone 
30 morphogenetic proteins have been identified in many tissues other, than bone, and BMPs 
themselves are expressed in a large variety of tissues in specific temporal and spatial 
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patterns. This suggests that BMPs may have effects on many tissues other than bone, 
potentially limiting their usefulness as therapeutic agents when administered systemically. 

There is a clear need to identify additional targets that stimulate osteogenic 
differentiation and that can be used for the development of novel bone anabolic therapies. 

5 The present invention is based on the discovery of that certain known polypeptides, 

including the GPCR and NHR peptides, are factors in the up-regulation and/or induction of 
osteogenic differentiation in bone marrow cells, and that the known agonists for these 
polypeptides are effective in promoting bone homeostasis. 

Summary of the Invention 

10 The present invention relates to a method for identifying a compound that promotes 

osteogenesis in a population of vertebrate cells including osteoblast progenitor cells, 
comprising contacting a compound with a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1-18 and 201-363; and measuring a 
compound-polypeptide property related to osteogenesis. 

15 The invention also relates to methods, and compositions useful in these methods, of 

promoting osteogenic differentiation in a subject suffering or susceptible to an imbalance 
in bone homeostasis, comprising administering to said subject a therapeutically effective 
amount of an agonist of a polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO: 101-1 18 and 201-363, or an expressible nucleic acid 

20 sequence encoding a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NO: 101-1 18. 

Another aspect of the present invention relates to a method for in vitro production 
of bone tissue comprising applying undifferentiated vertebrate cells onto a substrate to 
form a cellular layered article, and contacting a polynucleotide comprising a expressible 

25 nucleic acid sequence selected from the group consisting of SEQ ID NO: 1-18 with said 
article for a time sufficient to differentiate said undifferentiated cells into osteoblasts, 
thereby producing a matrix containing osteoblast cells. 

Brief Description Of The Drawings 
30 Figure 1. Intramembranous and endochondral ossification. 
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Figure 2. Principle of the osteoblast differentiation assay. 

Figure 3. Performance of the knock-in control plate in the AP assay. 

Figure 4. Dot plot representation of raw data for one FLeXeSelect screening plate. 

Figure 5. Dose-dependent up-regulation of AP activity by selected compounds. 

Figure 6. Analyzing the up-regulation of BAP-mRNA versus PLAP- or IAP- 
mRNA. 

Figure 7. Mineralization of primary human MPCs. 
Figure 8. Mineralization of primary human MPCs. 

Figure 9. Dose-dependent up-regulation of AP activity by the LXR agonist 
GW3965 in the presence of Ad-NR1H3. 

Figure 10. Dose-dependent up-regulation of AP activity by the LXR agonist 
T0901317 in the presence of Ad-NR1H2. 

Figure 1 1 . Dose-dependent up-regulation of AP activity by the LXR agonist 

GW3965 in the presence of Ad-NR1H2. 
Figure 12. Structure of the acetyl podocaipic dimer (APD) used in this application. 
Figure 13. Dose-dependent up-regulation of AP activity by the LXR agonist APD 

in the presence of Ad-NR1H2 or Ad-NR1H3. 
Figure 14A-14D. Ct values and relative expression levels of four genes of the 

present invention compared to beta-actin for cell types relevant to bone 

formation. 

Figure 15. NR5A2 andNRlH3+T0901317 up-regulate mRNA levels of 

osteogenic markers. 
Figure 16. Up-regulation of NR5A2 and NR1H3 mRNA levels by osteogenic 

triggers. 

Figure 17. Weight increases in calvarial skull explants induced by the positive 

controls Ad-BMP2 and Ad-BMP7. 
Figure 18: Weight increases in calvarial skull explants induced by T0901317. 
Figure 19: DN-RUNX2 interferes with induction of AP activity by NR5A2, 

NR1H3 + T09013 17 and ESRRG. 
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Figure 20: NR5A2, NR1H3 + T0901317, and ESRRG induce AP activity 
independent of the MPC isolate. 

Detailed Description 

5 The following terms axe intended to have the meanings presented therewith below 

and are useful in understanding the description of and intended scope of the present 
invention. 

The term "agonisf ' refers to a ligand that stimulates the receptor the ligand binds to 
in the broadest sense. 

10 The term "carrier" means a non-toxic material used in the formulation of 

pharmaceutical compositions to provide a medium, bulk and/or useable form to a 
pharmaceutical composition. A carrier may comprise one or more of such materials such 
as an excipient, stabilizer, or an aqueous pH buffered solution. Examples of 
physiologically acceptable carriers include aqueous or solid buffer ingredients including 

15 phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; 
amino acids such as glycine, ghitamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating 

20 agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counter 
ions such as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene glycol 
(PEG), and PLURONICS™. 

The term "compound" is used herein in the context of a "test compound" or a "drug 
candidate compound" described in connection with the assays of the present invention. As 

25 such, these compounds comprise organic or inorganic compounds, derived synthetically or 
from natural sources. The compounds include inorganic or organic compounds such as 
polynucleotides, lipids or hormone analogs that are characterized by relatively low 
molecular weights. Other biopolymeric organic test compounds include peptides 
comprising from about 2 to about 40 amino acids and larger polypeptides comprising from 

30 about 40 to about 500 amino acids, such as antibodies or antibody conjugates. 

The term "contact* ' or "contacting" means bringing at least two moieties together, 
whether in an in vitro system or an in vivo system. 
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The term "condition" or "disease" means the overt presentation of symptoms (i.e., 
illness) or the manifestation of abnormal clinical indicators (e.g., biochemical indicators), 
resulting from defects in one amyloid beta protein precursor processing. Alternatively, the 
term "disease" refers to a genetic or environmental risk of or propensity for developing 
5 such symptoms or abnormal clinical indicators. 

The term "effective amount*' means that amount of a drug or pharmaceutical agent 
that will elicit the biological or medical response of a subject that is being sought by a 
medical doctor or other clinician. In particular, with regard to treating an imbalance in 
bone homeostasis, the term "effective osteogenic stimulating amount " is intended to mean 
10 that effective amount of an LXR agonist or prodrug of LXR agonist that will bring about a 
biologically meaningful increase in the ratio of osteoblasts to osteoclasts in the subject's 
bone tissue. A biologically meaningful increase is that increase that can be detected 
indirectly by means of bone density, bone strength, or other diagnostic indicia known to 
those skilled in the art 

15 The term "expression" relates to both endogenous expression and over-expression 

by for instance transfection or stable transduction. 

The term "GPCR" means a G-protein coupled receptor. Preferred GPCRs 
comprise those receptors identified by applicants as promoting osteogenic differentiation. 
Most preferred GPCRs are those identified in Table 1, including the naturally occurring 
20 transcript variants thereof. 

The term "ligand" means an endogenous, naturally occurring molecule specific for 
an endogenous, naturally occurring receptor. 

The term "LXR" includes all subtypes of this receptor as known in the prior art and 
corresponding genes that encode such subtypes. Specifically LXR includes LXR-alpha 

25 and LXR-beta, and an agonist of LXR should be understood to include an agonist of LXR- 
alpha or LXR-beta. LXR-alpha is referred to under a variety of names and for purposes of 
this application LXR-alpha should be understood to mean any gene referred to as LXR- 
alpha, LXRa, LXRoc, RLD-1, NR1H3 or a gene with homology to accession number 
U22662 or a protein with homology to a protein encoded by such a polynucleotide. 

30 Similarly, LXR-beta should be understood to include any gene referred to as LXR*, LXR- 
beta, LXRbeta, NER, NER1, UR, OR-1, R1P15, NR1H2 or a gene with homology to 
accession number U07132 or a protein with homology to a protein encoded by such a 
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polynucleotide. "Homology" means sequence similarity to the extent that polynucleotides 
of the "homologous" sequence are able to hybridize to the LXR sequence under stringent 
hybridization conditions as understood by a person of skill in the art. 

The term "NHR" means a nuclear hormone receptor. 

5 The term "osteogenesis" means a process that consists of several successive events, 

including initially the up-regulation of bone alkaline phosphatase in a cell, and calcium 
deposition (mineralization) which occurs in later stages of process. 

The term "osteogenic differentiation" refers to any process wherein unspecialized 
cells in a lineage of bone-related cells become more specialized by exhibiting anabolic 
1 0 processes resulting in the deposition of calcium and Ihe formation of bone tissue. 

The term "pharmaceutical^ acceptable carrier" includes, for example, 
pharmaceutical^ acceptable carriers such as the following: solid carriers such as lactose, 
magnesium stearate, terra alba, sucrose, talc, stearic acid, gelatin, agar, pectin, acacia or 
the like; and liquids such as vegetable oils, arachis oil and sterile water, or the like. 
15 However, this listing of pharmaceutical^ acceptable carriers is not to be construed as 
limiting. 

The term "pharmaceutically acceptable salts" refers to the non-toxic, inorganic and 
organic acid addition salts, and base addition salts, of compounds of the present invention. 
These salts can be prepared in situ during the final isolation and purification of compounds 
20 useful in the present invention. 

The term polynucleotide" refers to nucleic acids, such as double stranded, or 
single stranded DNA and (messenger) RNA, and all types of oligonucleotides. It also 
includes nucleic acids with modified backbones such as peptide nucleic acid (PNA), 
polysiloxane, and 2 f -0-(2-methoxy)ethylphosphorothioate. '^Derivatives of a 

25 polynucleotide" means DNA-molecules, RNA- molecules, and oligonucleotides that 
comprise a stretch or nucleic acid residues of the polynucleotide, e.g. polynucleotides that 
may have nucleic acid mutations as compared to the nucleic acid sequence of a naturally 
occurring form of the polynucleotide. A derivative may further comprise nucleic acids 
with modified backbones such as PNA, polysiloxane, and 2 , -0-(2-meflioxy)ethyl- 

30 phosphorothioate, non-naturally occurring nucleic acid residues, or one or more nucleic 
acid substituents, such as methyl-, thio-, sulphate, benzoyl-, phenyl-, amino-, propyl-, 
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chloro-, and methanocarbanucleosides, or a reporter molecule to facilitate its detection. 
"Fragment of a polynucleotide" means oligonucleotides that comprise a stretch of 
contiguous nucleic acid residues that exhibit substantially a similar, but not necessarily 
identical, activity as the complete sequence. 

5 The term "polypeptide" relates to proteins, proteinaceous molecules, fractions of 

proteins, peptides, oligopeptides, and enzymes (such as kinases, proteases, GCPRs). 
'"Derivatives of a polypeptide" relate to those peptides, oligopeptides, polypeptides, 
proteins and enzymes that comprise a stretch of contiguous amino acid residues of the 
polypeptide and that retain the biological activity of the protein, e.g. polypeptides that have 

10 amino acid mutations compared to the amino acid sequence of a naturally-occurring form 
of the polypeptide. A derivative may further comprise additional naturally occurring, 
altered, glycosylated, acylated or non-naturally occurring amino acid residues compared to 
the amino acid sequence of a naturally occurring form of the polypeptide. It may also 
contain one or more non-amino acid substituents compared to the amino acid sequence of a 

15 naturally occurring form of the polypeptide, for example a reporter molecule or other 
ligand, covalently or non-covalently bound to the amino acid sequence. 'Tragment of a 
polypeptide" relates to peptides, oligopeptides, polypeptides, proteins and enzymes that 
comprise a stretch of contiguous amino acid residues, and exhibit substantially a similar, 
but not necessarily identical, functional activity as the complete sequence. 

20 The term "solvate" means a physical association of a compound useful in this 

invention with one or more solvent molecules. This physical association includes 
hydrogen bonding. In certain instances the solvate will be capable of isolation, for 
example when one or more solvent molecules are incorporated in the crystal lattice of the 
crystalline solid "Solvate" encompasses both solution-phase and isolable solvates. 

25 Representative solvates include hydrates, ethanolates and methanolates. 

The term "subject" includes humans and other mammals. 

The term 'treating" refers to alleviating the disorder or condition to which the term 
"treating" applies, including one or more symptoms of such disorder or condition. The 
related term "treatment," as used herein, refers to the act of treating a disorder, symptom, 
30 or condition, as the term "treating" is defined above. 

The term "vectors" also relates to plasmids as well as to viral vectors, such as 
recombinant viruses, or the nucleic acid encoding the recombinant virus. 
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The term "vertebrate cells" means cells derived from animals having vertera 
structure, including fish, avian, reptilian, amphibian, marsupial, and mammalian species. 
Preferred cells are derived from mammalian species, and most preferred cells are human 
cells. Mammalian cells include feline, canine, bovine, equine, caprine, ovine, porcine 
5 murine, such as mice and rats, and rabbits. 
The Methods of the Present Invention 

The present invention relates to methods for increasing and/or inducing 
osteogenesis, or more particularly, osteogenic differentiation of osteoblast progenitor cells, 
said method comprising contacting (1) a population of vertebrate cells expressing a 
10 polypeptide encoded by a target gene identified in Table 1 below, or a functional fragment 
or derivative thereof some of which are identified in Table 1 A below; with (2) an agonist 
for such target gene; and (3) thereby increasing the level of osteogenic differentiation in 
said population of cells. 



Table 1 . List of identified target genes. 



Gene symbol 


Gene description 


Class 


GenBank 
accession 
(DNA) 


SEQ 

ID 

DNA 


GenPept 
accession 
(Protein) 


SEQ 
ID 

Protein 


ADORA2A 


adenosine A2a receptor 


GPCR 


NM 000675 


1 


NP 000666 


101 


NR1H3 


nuclear receptor subfamily 1 , group H, 
member 3 


NHR 


NM 005693 


2 


NP_005684 


102 


HSU93553/ 
NR5A2 


alphal -fetoprotein transcription factor 
(hFTF) 


NHR 


U93553 


3 


AAD03155 


103 


NM 003822 


4 


NP 003813 


104 


NM 205860 


'5 


NP 995582 


105 


GPR52 


G protein-coupled receptor 52 


GPCR 


NM 005684 


6 


NP 005675 


106 


RE2/GPR161 


G protein-coupled receptor 161 


GPCR 


NM 007369 


7 


NP 031395 


107 


NM 153832 


8 


NP 722561 


108 


3273814CA2 


9 


3273814CA2 


109 


GPR65 


G protein-coupled receptor 65 


GPCR 


NM 003608 


10 


NP 003599 


110 


ESRRG 


estrogen-related receptor gamma 


NHR 


NM 001438 


11 


NP 001429 


111 


NM_206594 


12 


NP 996317 


112 


NM 206595 


13 


NP 996318 


113 


GPR12 


G protein-coupled receptor 12 


GPCR 


NM 005288 


14 


NP 005279 


114 


MC5R 


melanocortin 5 receptor 


GPCR 


NM 005913 


15 


NP 005904 


115 


AVPR2 


arginine vasopressin receptor 2 
(nephrogenic diabetes insipidus) 


GPCR 


NM_000054 


16 


NP_000045 , 


116 


DRD1 


dopamine receptor Dl 


GPCR 


NM 000794 


17 


NP 000785 


117 


NR1H2 


nuclear receptor subfamily 1, group H, 
member 2 


NHR 


NM_007121 


18 


NP_009052 


118 



15 
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Methods Used to Identify Relationship between Target Genes and Osteogenic 
Differentiation 

The above-identified osteogenic differentiation-related target genes were identified 
using a so-called 'knock-in' library in the following manner. Using recombinant 
5 adenoviruses, the present inventors tranduced cDNA molecules coding for a specific 
natural gene and gene product into cells. Bach cDNA introduced into each separate 
subpopulation of cells induced the expression and activity of the corresponding gene and 
gene product in a cell. By identifying a cDNA that induces or increases osteogenic 
differentiation, a direct link is made to the corresponding target gene. This target gene is 

10 subsequently used in methods for identifying compounds that can be used to activate or 
stimulate osteogenic differentiation, at binding affinity of at most 10 micromolar. Indeed, 
compounds that are known to bind to target genes used in this screen were found to 
increase osteogenic differentiation of cells, demonstrating the role of these target genes in 
this process. This method was used to identify the polypeptides, including the LXR 

15 receptor, as involved in the process of osteoblast differentiation, and the use of agonists 
thereof to promote or induce osteoblast differentiation. 

The population of cells, in which osteoblast differentiation is promoted, is 
preferably any undifferentiated cell type or cell types. Undifferentiated cells are 
pluripotent cells that are in an early stage of specialization, Le., which do not yet have their 
20 final function and can be induced to form almost any given cell type. Such cells are 
especially blood cells and cells present in bone marrow, as well as cells derived from 
adipose tissue. In addition, cells that can still be differentiated into mesenchymal precursor 
cells are contemplated in the present invention, such as, for example, totipotent stem cells 
such as embryonic stem cells. 

25 A preferred class of polypeptide used in the knock-in library is in a class of nuclear 

hormone receptors (NHR). By way of background, lipophilic hormones such as steroids, 
retinoids, thyroids, and vitamin D2 modulate gene transcription inside the cell. A steroid 
hormone, for example, will enter the cell and bind to its complementary receptor, initiating 
a complex cascade of events. The hormone-receptor complex forms dimers, which bind to 

30 a DNA sequence called the hormone response element (HRE). This binding activates, or in 
some cases inhibits, transcription of the appropriate gene. As such, the activity of NHRs 
can also be determined with a reporter gene under the control of a promoter that contains 

-10- 
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the appropriate Hormone Receptor Element (HRE). The most preferred NHR polypeptides 
identified in Table 1 are NR5A2, NR1H3 and NR1H2 and ESRRG. 

Another preferred class of the polypeptides used in the knock-in library ares a G- 
Protein Coupled Receptors (GPCR), wherein the expression and/or activity of said GPCR 
5 may be measured by determining the level of any one of the second messengers cyclic 
AMP, Ca 2+ or both. Preferably, the level of the second messenger is determined with a 
reporter gene under the control of a promoter that is responsive to the second messenger. 
More preferably, the promoter is a cyclic AMP-responsive promoter, an NF-KB 
responsive promoter, or a NF-AT responsive promoter. In another preferred embodiment, 
10 the reporter gene is selected from the group consisting of: alkaline phosphatase, GFP, 
eGFP, dGFP, luciferase and b-galactosidase. 

One method to measure osteogenic differentiation, and found useful in the screen, 
determines the expression level of certain proteins that are involved in bone- 
morphogenesis and that are induced during the differentiation process, such as alkaline 

15 phosphatase, type-1 collagen, osteocalcin and osteopontin. The activity levels of these 
marker proteins can be measured through assays using specific substrates. For instance, 
the bone alkaline phosphatase (BAP, or bone AP) activity can be measured by adding a 
methylumbelliferyl heptaphosphate (MUP) solution to the cells. The fluorescence 
generated upon cleavage of the MUP substrate by the AP activity is measured on a 

20 fluorescence plate reader, as outlined in the examples given below. The expression of the 
target genes can also be determined by methods known in the art such as Western blotting 
using specific antibodies, or ELISAs using specific antibodies directed against the target 
genes. Alternatively, one can analyse the mRNA expression levels in cells, using methods 
known in the art like Northern blotting and quantitative real-time PGR. 

25 Osteogenic differentiation is promoted if the expression or activity of an aforesaid 

marker protein is induced upon incubation with an agonist compound. Although induction 
of protein expression levels may vary from an increase of a few percent to two, three or 
four orders of magnitude higher, induction of protein expression of at least twofold (or 
more) in a patient (in vivo) is a preferred level. A preferred induction of said expression 

30 and/or activity is therefore comparable to an induction of 100% (or more) in vivo . It can 
however not be excluded that levels found in vitro do not perfectly correlate with levels 
found in vivo, such that a slightly reduced level in vitro may still result in a higher 
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induction in vivo when the agonist compound is applied in a therapeutic setting. It is 
therefore preferred to have induced in vitro levels of at least 20%, more preferably more 
than 50%, even more preferably more than 100%, which would mean a twofold induction 
of the expression or activity of the osteogenic marker protein. 

For screening of a compound that influences the osteogenic differentiation of cells 
by binding to any of the target polypeptides listed in Table 1, or a derivative, or a fragment 
thereof such as the protein domain fragments thereof identified in Table 1A below, 
libraries of compounds, such as peptide (LOPAP™, Sigma Aldrich), lipid (BioMol), 
synthetic compound (LOPAC™, Sigma Aldrich) or natural compound (Specs, TimTec) 
libraries, can be used. 

Table 1 A - Protein Domain Fragments 
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A-Cccsion 


Name^ 


Protein Segment 




NM_000675 




Extracellular domain 




Transmembrane domain 
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Intracellular domain 


203 


Transmembrane domain 


204 


Extracellular domain 


205 


Transmembrane domain 


206 


Intracellular domain 


207 


Transmembrane domain 


208 


Extracellular domain 


209 


Transmembrane domain 


210 


Intracellular domain 


211 


Transmembrane domain 


212 


Extracellular domain 


213 


Transmembrane domain 


214 


Intracellular domain 


215 


NM 005684 
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Extracellular domain 


216 


Transmembrane domain 


217 


Intracellular domain 


218 


Transmembrane domain 


219 


Extracellular domain 


220 


Transmembrane domain 


221 


Intracellular domain 


222 


Transmembrane domain 


223 


Extracellular domain 


224 


Transmembrane domain 


225 


Intracellular domain 
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Transmembrane domain 


227 


Extracellular domain 


228 


Transmembrane domain 


229 


Intracellular domain 


230 
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Intracellular domain 
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Transmembrane domain 
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Extracellular domain 
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Transmembrane domain 
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Extracellular domain 
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Transmembrane domain 
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Intracellular domain 


245 






Extracellular domain 
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Transmembrane domain 
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Intracellular domain 
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Transmembrane domain 


249 


Extracellular domain 
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Transmembrane domain 
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Intracellular doii&in 


252 


Transmembrane domain 
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Extracellular domain 
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Transmembrane domain 
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Intracellular domain 


256 
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The binding affinity of the test compound with the polypeptide can be measured by 
methods known in the art, such as using surface plasmon resonance biosensors (Biacore), 
5 by saturation binding analysis with a labeled compound (e.g. Scatchard and Lindmo 
analysis), by differential UV spectrophotometer, fluorescence polarization assay, 
Fluorometric Imaging Plate Reader (FLIPR®) system, Fluorescence resonance 
energy transfer, and Biohxminescence resonance energy transfer. 

The binding affinity of compounds can also be expressed in dissociation constant 
10 (Kd) or as IC 5 o or EC50. The IC50 represents the concentration of a compound that is 
required for 50% inhibition of binding of another ligand to the polypeptide. The EC50 
represents the concentration required for obtaining 50% of the maximum effect in any 
assay that measures receptor function. The dissociation constant, Kd, is a measure of how 
well a ligand binds to the polypeptide, it is equivalent to the ligand concentration required 
15 to saturate exactly half of the binding-sites on the polypeptide. Compounds with a high 
binding affinity have low Kd, IC50 and EC50 values, i.e. m the range of 100 nM to 1 pM; a 
moderate to low affinity binding relates to a high Kd, IC50 and EC50 values, i.e. ^ the 
micromolar range. Binding affinities may be determined in in vivo settings as well as in in 
vitro settings. 

20 The induction of osteogenic differentiation of cells may be achieved in different 

ways. The compounds found useful in the present invention may target the polypeptides 
directly and induce or stimulate their activity. These compounds may also target the 
transcription/translation machinery involved in the transcription and/or translation of the 
polypeptide from its encoding nucleic acid The compounds may furthermore target their 

25 respective DNAs and mRNAs thereby inducing the occurrence of the polypeptide and 
thereby their activity. It is thus to be understood that the compounds that are identified by 
using the methods of the present invention may target the expression, and/or the activity of 
the polypeptides at different levels, finally resulting in the alteration of the osteogenic 
differentiation of cells. The agonist compounds of the present invention may Amotion in 

30 accordance with any one of these mechanisms. 
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In vitro Methods of the Present Invention 

A special embodiment of the present invention relates to a method for the in vitro 
production of bone tissue, comprising applying osteoblast progenitor cells on a substrate, 
and contacting said cells with an effective osteogenic stimulating amount of an agonist of 
5 the target genes identified in Table 1, or an expressible polynucleotide encoding an amino 
acid sequence of SEQ ID No. 101-1 18, for a time sufficient to stimulate the generation of 
bone matrix tissue. More specifically, this method is useful for the in vitro production of 
bone tissue, by applying mammalian osteoblast progenitor cells on a substrate; adding an 
agonist of the target genes identified in Table 1, or an expressible polynucleotide encoding 
10 an amino acid sequence of SEQ ID No. 101-118; allowing the cells to undergo osteogenic 
differentiation and to generate bone matrix. 

This in vitro produced bone tissue can be used for the provision of load-bearing 
implants, including joint prostheses, such as artificial hip joints, knee joints and finger 
joints, and maxillofacial implants, such as dental implants. It can also be used for special 

15 surgery devices, such as spacers, or bone fillers, and for use in augmentation, obliteration, 
or reconstitution of bone defects and damaged or lost bone. The methods of the invention 
are also very suitable in relation to revision surgery, Le., when previous surgical devices 
have to be replaced. A further aspect of this method comprises combining a load-bearing 
implant (preferably coated with a matrix as described above) with a bone filling 

20 composition comprising a ma&ix as described above. 

Preferred cells to use for the in vitro production of bone tissue are undifferentiated 
cells. Suitable undifferentiated cells are bone marrow cells, including haematopoietic cells 
and in particular stromal cells. The marrow cells, and especially the stromal cells are 
found to be very effective in the bone producing process when taken from their original 
25 environment Undifferentiated cells are often available in large quantities, are more 
conveniently to use than mature bone cells, and exhibit a lower morbidity during recovery. 
Moreover, the undifferentiated cells can be obtained from the patient for whom the implant 
is intended. The bone resulting from these cells is autologous to the patient and thus no 
immune response will be induced. 

30 The undifferentiated cells can be directly applied to the substrate or they can 

advantageously be multiplied in the absence of the substrate before being applied on the 
substrate. In the latter mode, the cells are still largely undifferentiated. Subsequently, the 
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cells are allowed to differentiate by adding at least one of the expressible polynucleotides 
as described herein, or an agonist for one or more of the target genes of Table 1, which 
agonist is known in the art or which has been identified using any of the methods described 
herein. 

5 Bone formation can be optimized by variation in mineralization, bolh by inductive 

and by conductive processes. In this way, matrices up to 100 pm in thickness can be 
produced. The cells are cultured for a time sufficient to produce a matrix layer, for 
example, a matrix layer having a thickness of at least 0.5 micrometer (pm), preferably 
between 1 and 100 jim, and more preferably between 10 and 50 pun. The cells may be 
10 contacted with the culture medium for any length of time. 

The production of the matrix, when applied on a substrate, results in a continuous 
or quasi-continuous coating covering the substrate for at least 50% of its surface area. The 
substrate on which the undifferentiated cells can be applied and cultured can be a metal, 
such as titanium, cobalt/chromium alloy or stainless steel, a bioactive surface such as a 
1 5 calcium phosphate, polymer surfaces such as polyethylene, and the like. 

In another embodiment, the present invention relates to cells that have undergone 
osteoblast differentiation by treatment with compounds as disclosed herein and identifiable 
according to any one of the methods described herein. 

Methods of Therapy and Pharmaceutical Compositions <r 

20 The present inventors discovered that the polypeptides listed in Table 1 are 

involved in the osteogenic differentiation process. Accordingly, the present invention 
relates to the link between certain polypeptides present in the cell with osteogenic 
differentiation of cells, some of which are closely related to the onset, occurrence, and 
substantiation of metabolic bone diseases. Accordingly, the present invention relates not 

25 only to the compounds that may be used for targeting these polypeptides (many of which 
are known in the art) but also to the use of such compounds for therapeutic purposes 
related to diseases of bone metabolism. For the compounds that are already known to bind 
to these polypeptides, the use thereof in the present invention is a new (medical) use. 

A preferred aspect of the present invention relates to a method for the treatment or 
30 prevention of an imbalance in bone homeostasis comprising administering an effective 
osteogenic stimulating amount of an agonist of one or more of the target genes identified 
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in Table 1, or an expressible polynucleotide encoding one or more of an amino acid 
sequence of SEQ ED No. 101-118, to a subject suffering from or susceptible to said 
imbalance. Such imbalance is characterized by a reduction in the ratio of osteoblasts to 
osteoclasts in the bone tissue of a subject. More particularly, this reduction is in the ratio 
5 of osteoblasts that are effective in mineralizing the bone matrix relative to the osteoclasts 
effectively resorbing bone minerals, specifically calcium. 

The present method is useful for the treatment of subjects susceptible to or 
suffering from hypocalcaemia (of malignancy), Paget' s disease, rheumatoid arthritis, 
periodontal disease, focal osteogenesis occurring during skeletal metastases, Crouzon's 
10 syndrome, rickets, opsismodysplasia, pycnodysostosis/Toulouse-Lautrec disease, 
osteogenesis imperfecta and/or osteoporosis. 

Administering of the target gene agonist or expressible polynucleic acid encoding 
said target gene to the subject patient includes both self-administration and administration 
by another person. The patient may be in need of treatment for an existing disease or 
15 medical condition, or may desire prophylactic treatment to prevent or reduce the risk for 
diseases and medical conditions affected by a disturbance in bone metabolism. The 
osteogenic differentiation medicament may be delivered to the subject patient orally, 
transdermally, via inhalation, injection, nasally, rectally, or via a sustained release 
formulation. 

a* a* 

20 The polynucleotide expressing the osteogenic differentiation agent comprising an 

expressible polynucleic acid encoding one or more of polypeptides of SEQ ED NO 101- 

118 is preferably included within a vector. The polynucleic acid is operably linked to 

signals enabling expression of the nucleic acid sequence and is introduced into a cell 

utilizing, preferably, recombinant vector constructs, which will express the antisense 

25 nucleic acid once the vector is introduced into the cell. A variety of viral-based systems 

are available, including adenoviral, retroviral, adeno-associated viral, lentiviral, herpes 

simplex viral or a sendaviral vector systems, and all may be used to introduce and express 

polynucleotide sequence for the osteogenic differentiation polypeptides of SEQ ID NO. 

101-118 in target cells. 

30 Preferably, the viral vectors used in the methods of the present invention are 

replication defective. Such replication defective vectors will usually pack at least one 
region that is necessary for the replication of the virus in the infected cell. These regions 
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can either be eliminated (in whole or in part), or be rendered non-functional by any 
technique known to a person skilled in the art These techniques include the total removal, 
substitution, partial deletion or addition of one or more bases to an essential (for 
replication) region. Such techniques may be performed in vitro (on the isolated DNA) or 
5 in situ, using the techniques of genetic manipulation or by treatment with mutagenic 
agents. Preferably, the replication defective virus retains the sequences of its genome, 
which are necessary for encapsidating, the viral particles. 

In a preferred embodiment, the viral element is derived from an adenovirus. 
Preferably, the vehicle includes an adenoviral vector packaged into an adenoviral capsid, 

10 or a functional part, derivative, and/or analogue thereof. Adenovirus biology is also 
comparatively well known on the molecular level. Many tools for adenoviral vectors have 
been and continue to be developed, thus making an adenoviral capsid a preferred vehicle 
for incorporating in a library of the invention. An adenovirus is capable of infecting a 
wide variety of cells. However, different adenoviral serotypes have different preferences 

15 for cells. To combine and widen the target cell population that an adenoviral capsid of the 
invention can enter in a preferred embodiment, the vehicle includes adenoviral fiber 
proteins from at least two adenoviruses. Preferred adenoviral fiber protein sequences are 
serotype 17, 45 and 51. Techniques or construction and expression of these chimeric 
vectors are disclosed in US Published Patent Applications 20030180258 and 

20 2004007 1 660, hereby incorporated by reference. tv 

In a preferred embodiment, the nucleic acid derived from an adenovirus includes 
the nucleic acid encoding an adenoviral late protein or a functional part, derivative, and/or 
analogue thereof An adenoviral late protein, for instance an adenoviral fiber protein, may 
be favorably used to target the vehicle to a certain cell or to induce enhanced delivery of 

25 the vehicle to the cell. Preferably, the nucleic acid derived from an adenovirus encodes for 
essentially all adenoviral late proteins, enabling the formation of entire adenoviral capsids 
or functional parts, analogues, and/or derivatives thereof. Preferably, the nucleic acid 
derived from an adenovirus includes the nucleic acid encoding adenovirus E2A or a 
functional part, derivative, and/or analogue thereof. Preferably, the nucleic acid derived 

30 from an adenovirus includes the nucleic acid encoding at least one E4-region protein or a 
functional part, derivative, and/or analogue thereof, which facilitates, at least in part, 
replication of an adenoviral derived nucleic acid in a cell. The adenoviral vectors used in 

-18- 



WO 2006/000576 



PCT/EP2005/052970 



the examples of this application are exemplary of the vectors useful in the present method 
of treatment invention. 

Certain embodiments of the present invention use retroviral vector systems. 
Retroviruses are integrating viruses that infect dividing cells, and their construction is 
5 known in die art. Retroviral vectors can be constructed from different types of retrovirus, 
such as, MoMuLV ("murine Moloney leukemia virus" MSV ("murine Moloney sarcoma 
virus"), HaSV ('Harvey sarcoma virus"); SNV ("sp leen necrosis virus"); RSV ("Rous 
sarcoma virus") and Friend virus. Lentiviral vector systems may also be used in the 
practice of the present invention. 

10 In other embodiments of the present invention, adeno-associated viruses ("AAV") 

are utilized. The AAV viruses are DNA viruses of relatively small size that integrate, in a 
stable and site-specific manner, into the genome of the infected cells. They are able to 
infect a wide spectrum of cells without inducing any effects on cellular growth, 
morphology or differentiation, and they do not appear to be involved in human 

15 pathologies. 

In the vector construction, the polynucleotide agents of the present invention may 
be linked to one or more regulatory regions. Selection of the appropriate regulatory region 
or regions is a routine matter, within the level of ordinary skill in the art. Regulatory 
regions include promoters, and may include enhancers, suppressors, etc. 

20 <y Promoters that may be used in the expression vectors of ;N the present invention 
include both constitutive promoters and regulated (inducible) promoters. The promoters 
may be prokaryotic or eukaryotic depending on the host. Among the prokaryotic 
(including bacteriophage) promoters useful for practice of this invention are lac, lacZ, T3, 
T7, lambda P r , Pi, and trp promoters. Among the eukaryotic (including viral) promoters 

25 useftd for practice of this invention are ubiquitous promoters (e.g. HPRT, vimentin, actin, 
tubulin), intermediate filament promoters (e.g. desmin, neurofilaments, keratin, GFAP), 
therapeutic gene promoters (e.g. MDR type, CFTR, factor VIE), tissue-specific promoters 
(e.g. actin promoter in smooth muscle cells, or Fit and Flk promoters active in endothelial 
cells), including animal transcriptional control regions, which exhibit tissue specificity and 

30 have been utilized in transgenic animals: elastase I gene control region which is active in 
pancreatic acinar cells (Swift, et al. (1984) Cell 38:639-46; Omitz, et al. (1986) Cold 
Spring Harbor Symp. Quant BioL 50:399-409; MacDonald, (1987) Hepatology 7:425- 
515); insulin gene control region which is active in pancreatic beta cells (Hanahan, (1985) 
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Nature 315:1 15-22), immunoglobulin gene control region which is active in lymphoid cells 
(Grosschedl, et al (1984) Cell 38:647-58; Adames, et aL (1985) Nature 318:533-8; 
Alexander, et al. (1987) MoL Cell. BioL 7:1436-44), mouse mammary tumor virus 
control region which is active in testicular, breast, lymphoid and mast cells (Leder, et al. 
5 (1986) Cell 45:485-95), albumin gene control region which is active in liver (Pinkert, et al. 
(1987) Genes and Devel. 1:268-76), alpha-fetoprotein gene control region which is active 
in liver (Krumlauf, et al. (1985) Mol. Cell. BioL, 5:1639-48; Hammer, et aL (1987) 
Science 235:53-8), alpha 1-antitrypsin gene control region which is active in the liver 
(Kelsey, et aL (1987) Genes and Devel., 1 : 161-71), beta-globin gene control region which 

10 is active in myeloid cells (Mogram, et al. (1985) Nature 315:338-40; KoUias, et al. (1986) 
Cell 46:89-94), myelin basic protein gene control region which is active in 
oligodendrocyte cells in the brain (Readhead, et al. (1987) Cell 48:703-12), myosin light 
chain-2 gene control region which is active in skeletal muscle (Sani, (1985) Nature 
314.283-6), and gonadotropic releasing hormone gene control region which is active in the 

1 5 hypothalamus (Mason, et al. (1 986) Science 234: 1 372-8). 

Other promoters which may be used in the practice of the invention include 
promoters which are preferentially activated in dividing cells, promoters which respond to 
a stimulus (e.g. steroid hormone receptor, retinoic acid receptor), tetracycline-regulated 
transcriptional modulators, cytomegalovirus immediate-early, retroviral LTR, 

20 metallothionein, SV-40, El a, and MLRpromoters. 

Additional vector systems include the non-viral systems that facilitate introduction 
of polynucleotide agents into a patient. For example, a DNA vector encoding a desired 
sequence can be introduced in vivo by lipofection. Synthetic cationic lipids designed to 
limit the difficulties encountered with liposome-mediated transfection can be used to 

25 prepare liposomes for in vivo transfection of a gene encoding a marker (Feigner, et al. 
(1987) Proc. Natl. Acad Sci. USA 84:7413-7); see Mackey, et al. (1988) Proc. Natl. 
Acad Sci. USA 85:8027-31; Ulmer, et al. (1993) Science 259:1745-8). The use of 
cationic lipids may promote encapsulation of negatively charged nucleic acids, and also 
promote fusion with negatively charged cell membranes (Feigner and Ringold, (1989) 

30 Nature 337:387-8). Particularly useful lipid compounds and compositions for transfer of 
nucleic acids are described in International Patent Publications WO 95/18863 and WO 
96/17823, and in U.S. Pat No. 5,459,127. The use of lipofection to introduce exogenous 
genes into the specific organs in vivo has certain practical advantages and directing 
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transfection to particular cell types would be particularly advantageous in a tissue with 
cellular heterogeneity, for example, pancreas, liver, kidney, and the brain. Lipids may be 
chemically coupled to other molecules for the purpose of targeting. Targeted peptides, 
e.g., hormones or neurotransmitters, and proteins for example, antibodies, or non-peptide 
5 molecules could be coupled to liposomes chemically. Other molecules are also useful for 
facilitating transfection of a nucleic acid in vivo, for example, a cationic oligopeptide (e.g., 
International Patent Publication WO 95/21931), peptides derived from DNA binding 
proteins (e.g., International Patent Publication WO 96/25508), or a cationic polymer (e.g., 
International Patent Publication WO 95/21931). 

10 It is also possible to introduce a DNA vector in vivo as a naked DNA plasmid (see 

U.S. Pat Nos. 5,693,622, 5,589,466 and 5,580,859). Naked DNA vectors for therapeutic 
purposes can be introduced into the desired host cells by methods known in the art, e.g., 
transfection, electroporation, microinjection, transduction, cell fusion, DEAB dextran, 
calcium phosphate precipitation, use of a gene gun, or use of a DNA vector transporter 

15 (see, e.g., Wilson, et al. (1992) J. BioL Chem. 267:963-7; Wu and Wu, (1988) J. BioL 
Chem. 263:14621-4; Hartmut, et al. Canadian Patent Application No. 2,012,311, filed 
Mar. 15, 1990; Williams, et al (1991). Proc. Natl Acad. Sci. USA 88:2726-30). 
Receptor-mediated DNA delivery approaches can also be used (Curiel, et aL (1992) Hum. 
GeneTher. 3:147-54; Wu and Wu, (1987) J. Biol. Chem. 262:4429-32). 

20 The present invention also provide^, biologically compatible, osteogenic 

differentiation compositions comprising an effective amount of one or more compounds 
identified as target agonists, and/or the osteogenic differentiation polynucleic acids 
encoding polyeptides of SEQ ID NOs. 101-1 1 8 as described hereinabove. 

A biologically compatible composition is a composition, that may be solid, liquid, 

25 gel, or other form, in which the compound, polynucleotide, vector, and antibody of the 
invention is maintained in an active form, e.g., in a form able to effect a biological activity. 
For example, a compound of the invention would have inverse agonist or antagonist 
activity on the target; a nucleic acid would be able to replicate, translate a message, or 
hybridize to a complementary mRNA of a target; a vector would be able to transfect a 

30 target cell and expression the antisense, antibody, ribozyme or siRNA as described 
hereinabove; an antibody would bind a target polypeptide domain. 

A preferred biologically compatible composition is an aqueous solution that is 
buffered using, e.g., Tris, phosphate, or HEPES buffer, containing salt ions. Usually the 
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concentration of salt ions will be similar to physiological levels. Biologically compatible 
solutions may include stabilizing agents and preservatives. In a more preferred 
embodiment, the biocompatible composition is a pharmaceutical^ acceptable composition. 
Such compositions can be formulated for administration by topical, oral, parenteral, 
5 intranasal, subcutaneous, and intraocular, routes. Parenteral administration is meant to 
include intravenous injection, intramuscular injection, intraarterial injection or infusion 
techniques. The composition may be administered parenterally in dosage unit 
formulations containing standard, well-known non-toxic physiologically acceptable 
carriers, adjuvants and vehicles as desired. 

10 Pharmaceutical compositions for oral administration can be formulated using 

pharmaceutical^ acceptable carriers well known in the art in dosages suitable for oral 
administration. Such carriers enable the pharmaceutical compositions to be formulated as 
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for 
ingestion by the patient. Pharmaceutical compositions for oral use can be prepared by 

15 combining active compounds with solid excipient, optionally grinding a resulting mixture, 
and processing the mixture of granules, after adding suitable auxiliaries, if desired, to 
obtain tablets or dragee cores. Suitable excipients are carbohydrate or protein fillers, such 
as sugars, including lactose, sucrose, maimitol, or sorbitol; starch from corn, wheat, rice, 
potato, or other plants; cellulose, such as methyl cellulose, hydroxypropyhnethyl-cellulose, 

20 or sodium carboxymethyl-cellulose; gums including arable and tragacanth; and prpteins 
such as gelatin and collagen. If desired, disintegrating or solubilizing agents may be 
added, such as the cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a salt thereof, 
such as sodium alginate. Dragee cores may be used in conjunction with suitable coatings, 
such as concentrated sugar solutions, which may also contain gum arabic, talc, polyvinyl- 

25 pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, 
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to 
the tablets or dragee coatings for product identification or to characterize the quantity of 
active compound, i.e., dosage. 

Pharmaceutical preparations that can be used orally include push-fit capsules made 

30 of gelatin, as well as soft, sealed capsules made of gelatin and a coating, such as glycerol 
or sorbitol. Push-fit capsules can contain active ingredients mixed with filler or binders, 
such as lactose or starches, lubricants, such as talc or magnesium stearate, and, optionally, 
stabilizers. In soft capsules, the active compounds may be dissolved or suspended in 
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suitable liquids, such as fatty oils, liquid, or liquid polyethylene glycol with or without 
stabilizers. 

Preferred sterile injectable preparations can be a solution or suspension in a non- 
toxic parenterally acceptable solvent or diluent. Examples of pharmaceutical^ acceptable 
5 carriers are saline, buffered saline, isotonic saline (e.g. monosodium or disodium 
phosphate, sodium, potassium; calcium or magnesium chloride, or mixtures of such salts), 
Ringer's solution, dextrose, water, sterile water, glycerol, ethanol, and combinations 
thereof 1,3-butanedioI and sterile fixed oils are conveniently employed as solvents or 
suspending media. Any bland fixed oil can be employed including synthetic mono- or di- 

10 glycerides. Fatty acids such as oleic acid also find use in the preparation of injectables. 

The composition medium can also be a hydrogel, which is prepared from any 
biocompatible or non-cytotoxic homo- or hetero-polymer, such as a hydrophilic 
polyacrylic acid polymer that can act as a drug absorbing sponge. Certain of them, such 
as, in particular, those obtained from ethylene and/or propylene oxide are commercially 

15 available. A hydrogel can be deposited directly onto the surface of the tissue to be treated, 
for example during surgical intervention. 

Embodiments of pharmaceutical compositions of the present invention comprise a 
replication defective recombinant viral vector encoding the polynucleotide of SEQ ID 
NOs. 1-18 of the present invention and a transfection enhancer, such as poloxamer. An 

20 exmaple of a poloxanjer is Poloxamer 407, which is commercially available (BASF^ 
Parsippany, NJ.) and is a non-toxic, biocompatible polyol A poloxamer impregnated 
with recombinant viruses may be deposited directly on the surface of the tissue to be 
treated, for example during a surgical intervention. Poloxamer possesses essentially the 
same advantages as hydrogel while having a lower viscosity. 

25 The active osteogenic differentiating agents (whether they are vectors encoding 

target genes or small molecule agonists) may also be entrapped in microcapsules prepared, . 
for example, by interfacial polymerization, for example, hydroxymethylcellulose or 
gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively, in 
colloidal drug delivery systems (for example, liposomes, albumin microspheres, 

30 microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques 
are disclosed in Remington's Pharmaceutical Sciences (1980) 16th edition, OsoL, A. Ed. 

Sustained-release preparations may be prepared. Suitable examples of sustained- 
release preparations include semi-permeable matrices of solid hydrophobic polymers 
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containing the antibody, which matrices are in the form of shaped articles, e.g. films, or 
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. 
Pat No. 3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate, non- 
5 degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as 
the LUPRON DEPOT™, (injectable microspheres composed of lactic acid-glycolic acid 
copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid While polymers 
such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for 
over 100 days, certain hydrogels release proteins for shorter time periods. When 

10 encapsulated antibodies remain in the body for a long time, they may denature or 
aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological 
activity and possible changes in immunogenicity. Rational strategies can be devised for 
stabilization depending on the mechanism involved. For example, if the aggregation 
mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide 

15 interchange, stabilization may be achieved by modifying sulfhydryl residues, lyophilizing 
from acidic solutions, controlling moisture content, using appropriate additives, and 
developing specific polymer matrix compositions. 

As defined above, therapeutically effective dose means that amount of protein, 
polynucleotide, peptide, or its antibodies, agonists or antagonists, which ameliorate the 

20 symptoms or condition. Therapeutic efficacy and toxicity of such compounds can be 
determined by standard pharmaceutical procedures in cell cultures or experimental 
animals, e.g., ED50 (the dose therapeutically effective in 50% of the population) and LD50 
(the dose lethal to 50% of the population). The dose ratio of toxic to therapeutic effects is 
the therapeutic index, and it can be expressed as the ratio, LD50/ED50. Pharmaceutical 

25 compositions that exhibit large therapeutic indices are preferred. The data obtained from 
cell culture assays and animal studies is used in formulating a range of dosage for human 
use. The dosage of such compounds lies preferably within a range of circulating 
concentrations that include the ED50 with little or no toxicity. The dosage varies within 
this range depending upon the dosage form employed, sensitivity of the patient, and the 

30 route of administration. 

For any compound, the therapeutically effective dose can be estimated initially 
either in cell culture assays or in animal models, usually mice, rabbits, dogs, or pigs. The 
animal model is also used to achieve a desirable concentration range and route of 
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administration. Such information can then be used to determine useful doses and routes 
for administration in humans. The exact dosage is chosen by the individual physician in 
view of the patient to be treated. Dosage and administration are adjusted to provide 
sufficient levels of the active moiety or to maintain the desired effect Additional factors 
5 which may be taken into account include the severity of the disease state, age, weight and 
gender of the patient; diet, desired duration of treatment, method of administration, time 
and frequency of administration, drug combination(s), reaction sensitivities, and 
tolerance/response to therapy. Long acting pharmaceutical compositions might be 
administered every 3 to 4 days, every week, or once every two weeks depending on half- 

10 life and clearance rate of the particular formulation. 

The pharmaceutical compositions according to this invention may be administered 
to a subject by a variety of methods. They may be added directly to target tissues, 
complexed with cationic lipids, packaged within liposomes, or delivered to target cells by 
other methods known in the art Localized administration to the desired tissues may be 

15 done by direct injection, transdermal absorption, catheter, infusion pump or stent The 
DNA, DNA/vehicle complexes, or the recombinant virus particles are locally administered 
to the site of treatment. Alternative routes of delivery include, but are not limited to, 
intravenous injection, intramuscular injection, subcutaneous injection, aerosol inhalation, 
oral (tablet or pill form), topical, systemic, ocular, intraperitoneal and/or intrathecal 

20 delivery. Examples of ribozyme delivery and administration are provided in Sulliv^a et al. 
WO 94/02595. 

As discussed hereinabove, recombinant viruses may be used to introduce DNA 
encoding polynucleotide agents useful in the present invention. Recombinant viruses 
according to the invention are generally formulated and administered in the form of doses 

25 of between about 10 4 and about 10 14 pftu In the case of AAVs and adenoviruses, doses of 
from about 10 6 to about 10 u pfu are preferably used. The term pfu ("plaque-forming 
unit") corresponds to the infective power of a suspension of virions and is determined by 
infecting an appropriate cell culture and measuring the number of plaques formed. The 
techniques for determining the pfu titre of a viral solution are well documented in the prior 

30 art. 

The present invention also provides methods of enhancing bone formation, which 
comprise the administration to said subject of a therapeutically effective amount of an 
osteogenic differentiating agent of the invention. A further aspect of the invention relates 
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to a method of treating or preventing a disease involving an imbalance in bone 
homeostasis, comprising administering to said subject an osteogenic differentiating 
pharmaceutical composition as described herein. 

The polypeptides or the polynucleotides employed in the methods of the present 
5 invention may be free in solution, affixed to a solid support, borne on a cell surface, or 
located intracellularly. To perform the methods it is feasible to immobilize either the 
polypeptide identified in Tables 1 and/or 1A or the compound to facilitate separation of 
complexes from uncomplexed forms of the polypeptide, as well as to accommodate 
automation of the assay. Interaction (e.g., binding of) of the polypeptide of the present 

10 invention with a compound can be accomplished in any vessel suitable for containing the 
reactants. Examples of such vessels include microtitre plates, test tubes, and 
microcentrifuge tubes. In one embodiment, a fusion protein can be provided which adds a 
domain that allows the polypeptide to be bound to a matrix. For example, the polypeptide 
of the present invention can be "His" tagged, and subsequently adsorbed onto Ni-NTA 

15 microtitre plates, or ProtA fusions with the polypeptides of the present invention can be 
adsorbed to IgG, which are then combined with the cell lysates (e.g.> ( 35 S-labelled) and the 
candidate compound, and the mixture incubated under conditions favorable for complex 
formation (e.g., at physiological conditions for salt and pH). Following incubation, the 
plates are washed to remove any unbound label, and the matrix is immobilized. The 

20-x- amount of radioactivity can be determined directly, or in the supernatant after dissociation 
of the complexes. Alternatively, the complexes can be dissociated from the matrix, 
separated by SDS-PAGE, and the level of the protein binding to the protein of the present 
invention quantitated from the gel using standard electrophoretic techniques. 

Other techniques for immobilizing protein on matrices can also be used in the 

25 method of identifying compounds. For example, either the polypeptide or the compound 
. can be immobilized utilizing conjugation of biotin and streptavidin. Biotinylated protein 
molecules of the present invention can be prepared from biotin-NHS (N-hydroxy- 
succinimide) using techniques well known in the art (e.g., biotinylation kit, Pierce 
Chemicals, Rockford, 111.), and immobilized in the wells of streptavidin-coated 96 well 

30 plates (Pierce Chemical). Alternatively, antibodies reactive with the polypeptides of the 
present invention but which do not interfere with binding of the polypeptide to the 
compound can be derivatized to the wells of the plate, and the polypeptide of the present 
invention can be trapped in the wells by antibody conjugation. As described above, 
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preparations of a labeled candidate compound are incubated in the wells of the plate 
presenting the polypeptide of the present invention, and the amount of complex trapped in 
the well can be quantitated. 

5 Detailed Experimental Study Linking Target Gene Agonists and Osteoblast Differentiation 

Example 1 : Screening of FLeXSelect libraries for modulators of 
endogenous alkaline phosphatase in primary human 
MPCs 

10 Materials: 

Adenoviral constructs: 

Ad-BMP2: Described in WO 03/018799 

Ad-eGFP: Referred to as pIPspAdApt6-EGFP in WO 02070744 

Ad-LacZ: Referred to as pIPspAdApt6-lacZ in WO 02070744 
1 5 Ad-empty: Referred to as empty virus (generated from pIPspAdApt 6) in WO 02070744 

Ad-hCAR: hCAR cDNA is isolated using a PCR methodology. The following hCAR- 
specific primers are used: HuCARjfor 5- 

GCGAAGCTTCCATGGCGCTCCTGCTGTGCTTCG-3 1 and HuCARjrev 5'- 
GCGGGATCCATCTATACTATAGACCCATCCTTGCTC-3'. The hC AR cDNA 
20 is PCR amplified from a HeLa cell cDNA library (Quick clone, Clontech). A single 

fragment of 1119 bp is obtained and digested with the Hindm and BamHI 
restriction enzymes. pIPspAdapt6 vector (W099/64582) is digested with the same 
enzymes, gel-purified and used to ligate to the digested PCR hCAR fragment. 
AdC20 (Ad5/Ad51) viruses are generated as described in WO02/24933 
25 H4-2: described as DLL4_vl in WO03/01 8799 

H4-291: SPINTl_vl. cDNA is prepared from RNA isolated from human placenta and 
cloned in the pIPspAdapt 6 plasmid using Sall-NotI restriction sites as described in 
WO02/070744. The protein encoded by H4-291 is identical to NPJW3701 . 

Principle of the Assay 

30 Mesenchymal progenitor cells (MPCs) differentiate into osteoblasts in the presence 

of appropriate factors (e.g. BMP2), An assay to screen for such factors is developed by 
monitoring the activity of alkaline phosphatase (AP) enzyme, an early marker in the 
osteoblast differentiation program. MPCs are seeded in 384 well plates and simultaneously 
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co-infected one day later with adenoviruses encoding the human coxsackie and adenovirus 
receptor (hCAR; Ad-hCAR) and individual adenoviruses (Ad-cDNA) from the arrayed 
adenoviral knock-in collection containing cDNA sequences corresponding to genes from 
"drugable" classes like GPCR's, kinases, proteases, phosphodiesterases and nuclear 
5 hormone receptors (the FLeXSelect collection). The majority of these cDNAs are obtained 
by a PCR-based approach. Briefly, PCR primers are designed for amplification of the 
complete open reading frame from ATG start codon to the stop codon of drugable genes, 
based on sequence data present in the RefSeq database. Primers are mixed in an arrayed 
format at a PCR ready concentration in 96 well plates. As a template for the PCR 

10 reactions, placental, fetal liver, fetal brain and spinal cord cDNA libraries are used (from 
Invitrogen or Edge Biosystems). For the genes encoded by a single exon, PCR reactions 
are also performed on human genomic DNA. After the amplification reactions, the PCR 
products are purified with a 96-well PCR clean-up system (Wizard magnesil, Promega, 
Madison, WI, USA), digested with the appropriate restriction enzymes (AscI, Notl or Sail 

15 restriction sites are included in the primers) and directly cloned into the adenoviral adapter 
plasmid pIspAdAdapt-10-Zeo (described in US 6,340,595) using DNA ligation kit version 
2 (TaKaRa, Berkeley, CA, USA). After a transformation and selection step, multiple 
clones per gene, one of which is sequence verified, are used for the preparation of plasmid 
DNA and subsequent generation of adenovirus according to the procedure described in 

20 W099/64582. ^ 

It is found that co-infection with AdC20-hCAR (MOI 250) increases the AdCOl- 
cDNA infection efficiency. Cellular AP activity is determined 6 days after the infection (or 
ligand addition - see below). The principle of the assays is depicted in Figure 2. 
Mesenchymal stem cells derived from bone marrow are infected with the FLeXSelect™ 
25 cDNA library viruses in the presence of Ad5Cl 5-hCAR or Ad5C20-hCAR virus. Six days 
after the start of infection or treatment with a ligand, endogenous alkaline phosphatase 
activity is measured following addition of 4-methylumbelliferyl heptaphosphate (MUP) 
substrate. 

Development of the Assay 

30 MPCs are isolated from bone marrow of healthy volunteers, obtained after 

informed consent (Cambrex/Biowhittaker, Verviers, Belgium). 
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In a series of experiments carried out in 384 well plates, several parameters are 
optimized: cell seeding density, multiplicities of infection (MOI) of control viruses (Ad- 
BMP2 or Ad-eGFP), MOI of Ad-hCAR, duration of infection, toxicity, infection 
efficiency (using Ad-eGFP) and the day of readout 

5 The following protocol resulted in the highest dynamic range for the assay with the 

lowest standard deviation on the background signal: MPCs are seeded on day 0 at 1000 
cells per well of a 384 well plate and co-infected the next day using a mix of AdC20- 
hCAR and 2 \il of Ad-control-viruses. The stocks of the Ad-control-viruses are generated 
in 96 well plates (control plate). The 2 |xl volume corresponds to a theoretical MOI of 

10 5000. Controls are: Pl=Ad-BMP2; P2=Ad-H4-2; P3=Ad-H4-291 ; Nl=Ad-LacZ; N2=Ad- 
empty; N3=Ad-eGFP. Up-regulation of alkaline phosphatase is read at 6 days post 
infection (6 dpi): 15 *il 4-Methylumbelliferyl-phosphate (MUP, Sigma) is added to each 
well, the plates are incubated for 15 min at 37°C and monitored for AP activity using a 
fluorescence plate reader (Fluostar, BMG). Pipetting of viruses from 96 well plates 

15 (containing control viruses) or 384 well plates (containing FleXSelect viruses (see next 
paragraph)) into 384 well plates containing MPCs is performed using robotics (96/384 
channel dispensor Tecan Freedom 200 equipped with TeM096, TeM0384 and RoMa, 
Tecan AG, Switzerland). Figure 3 shows results of the automated screening procedure 
using the control plate. The mean and standard deviations of the negative controls (N1-N3) 

20** are used to calculate a cut-off for hit analysis. The positive controls (PI, P2, P3) routinely 
scored in 80-100% of the infected wells (Figure 3). The negative control viruses routinely 
scored in 0-5% of the infected wells (Figure 3). 

FleXSelect libraries 

Galapagos Genomics NV (Galapagos) built proprietary knock-in (FLeXSelect) 
25 arrayed adenoviral libraries encoding most of the drugable genes present in the human 
genome. The alkaline phosphatase assay is useful to screen viruses from the FLeXSelect 
collection (Ad-cDNA) for those classes of drugable targets that can be activated by a 
compound, e.g. G-protein coupled receptors (GPCRs) and nuclear hormone receptors 
(NHRs). 

30 For a subset of the Ad-GPCRs present in the FLeXSelect library a matching 

collection of ligands is prepared in 96 and 384 well plates, such that robotics can be used 
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to pipet a matching pair of Ad-GPCR and ligand from the respective stocks in one well of 
a 384 well plate containing MPCs. 

Screening 

The FLeXSelect viruses, in the presence or absence of matching ligands, are 
5 screened according to the protocol described above in duplicate in two independent 
screens, with each singular sample added on a different plate. If ligands are included in the 
screening, the protocol is modified: the Ad-cDNA infection is carried out on Day 1, 
ligands are added on Day 2 and endogenous BAP levels are measured on Day 8. A typical 
result of a 384 well screening plate is depicted in Figure 4. Indicated in Figure 4 are the 
10 positions in the 384 well plate on the X-axis and relative alkaline phosphatase signals on 
the Y-axis. The relative alkaline phosphatase signal for a given sample is calculated as the 
number of standard deviations above the mean for all data points in a given batch (or 
experiment). 

Example 2 : Target identification using the AP assay 
15 Targets are selected according to the following selection criteria: 

1) AP signals higher than the mean plus 3 times the standard deviation of all samples 
(data points) in the batch. The two individual data points within each batch are 
analyzed independently. 

2) Positive AP signals, as defined by criterion 1, for at least two of the four or 3 of the 
20 four virus samples that are screened in duplicate in two independent experiments 

(total of 4 measurements per virus). 

Table 1 lists the targets identified according to the above criteria in the alkaline 
phosphatase assay. 

For some of the targets, agonist ligands are known. These can be used to validate the 
25 osteogenic potential of the target genes in MPCs: addition of increasing concentrations of 
ligand to the medium of MPCs (over-expressing the target protein) should dose- 
dependently increase the up-regulation of the endogenous alkaline phosphatase activity. 
This is for example observed when MPCs are infected with Ad-NR1H3 and treated with 
T0901317, and when MPCs are infected with Ad-GPR65 and treated with 1-b-D- 
30 Galactosylsphingosine, and when MPCs are infected with Ad-AVPR2 and treated with 
[deamino-Cys 1 ,D- Arg8]- Vasopressin. ' 
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Ad-NR1H3 and TQ901317 

These dose-response curves are depicted in Figure 5. A dose-response curve for 
AP activity is generated for MPCs infected with Ad-NR1H3 and treated with T0901317 
(Figure 5 A). MPCs are seeded on day 0 at 1000 cells per well of a 384 well plate and co- 
5 infected the next day using AdC51-hCAR (MOI 250) and different MOIs of Ad5-NR1H3 
(MOI 12000, 4000, 1333, 444). On day 1, 5 concentrations (1E-10M, 1E-9M, 1E-8M, 1E- 
7M, 1E-6M) of the compound T0901317 (Cayman Chemical, Michigan, USA, Cat. No. 
71810) with fixed vehicle concentration (the vehicle is DMSO at the concentration is 
0,01%) are added to the wells. After incubation for 6 days at 37°C, 10% C02 in a 
10 humidified incubator, up-regulatkm of alkaline phosphatase is read: 15 pi MUP is added to 
each well, the plates are incubated for 15 min at 37°C and monitored for AP activity using 
a fluorescence plate reader (Fluostar, BMG). 

Dose-response curves for AP activity are generated in a similar way for MPCs 
infected with Ad-GPR65 and treated with 1-b-D-Galactosylsphingosine (Figure 5B); for 
15 MPCs infected with Ad-AVPR2 and treated with [deamino-Cysl, D-Arg8]-Vasopressin 
(DDAVP) (Figure 5Q. 

Three targets are identified that show a dose-dependent up-regulation of AP activity in the 
AP assay, when the respective ligands are added at different concentrations. 

AdNRlH3 and GW3965 « 

20 A dose-response relation is observed for AP activity when MPCs are infected with 

Ad-NR1H3 and treated with GW3965 (Figure 9). MPCs are seeded on dayO at 1000 cells 
per well of a 384 well plate and co-infected the next day using AdC51-hCAR (MOI 250) 
and different MOIs of Ad5-NR1H3 (MOI 2000, 666). On day 1, 8 concentrations (3,43E- 
9M, 1,34E-8M, 5,3SE-8M, 1,60E-7M, 4,81E-7M, 1,43E-6M; 4,29E-6M, 13E-6M) of the 

25 compound GW3965 (Chemovation, West Sussex) with fixed vehicle concentration 
(DMSO at final concentration of 0,1%) are added to the wells. After 6 days, medium is 
removed and replaced with fresh medium containing the same concentrations of the 
confound GW3965. Readouts of AP activity are performed at several time points after the 
start of the experiment, typically after 7, 10 and 13 days. Up-regulation of alkaline 

30 phosphatase activity is read as follows: medium is removed from the mono-layers, 15 fxl 
MUP is added to each well, the plates are incubated for 15 min at 37°C and then read for 
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AP activity using a fluorescence plate reader (Fluostar, BMG). Figure 9 illustrates the 
dose-response activity of GW3965 in the presence of Ad-NR1H3. 

AdNRlH2 and T0901317 

A dose-response relation is observed for AP activity when MPCs are infected with 
5 Ad-NR1H2 and treated with T0901317 (Figure 10). MPCs are seeded on dayO at 1000 
cells per well of a 384 well plate and co-infected the next day using AdC51-hCAR (MOI 
250) and different MOIs of Ad5-NR1H3 (MOI 2000, 666). On day 1, 5 concentrations 
(1E-9M, 1E-8M, 1E-7M, 1E-6M, 1E-5M) of the compound T0901317 (Cayman Chemical, 
Michigan, USA, Cat No. 71810) with fixed vehicle concentration (DMSO at final 

10 concentration of 0,1%) are added to the wells. After 6 days, medium is removed and 
replaced with fresh medium containing the same concentrations of the compound 
T0901317. Readouts of AP activity are performed at several time points after the start of 
the experiment, typically after 7, 10 and 13 days. Up-regulation of alkaline phosphatase 
activity is read as follows: medium is removed from the monolayers, 15 |il MUP is added 

15 to each well, the plates are incubated for 15 min at 37°C and then read for AP activity 
using a fluorescence plate reader (Fluostar, BMG). Figure 10 illustrates the dose-response 
activity of T0901317 in the presence of Ad- NR1H2. 

In conclusion, AP activity is up-regulated in cells transduced with either NR1H3 
and NR1H2 in a dose-dependent manner when LXR agonists, GW3965 and TO901317, 
20 respectively, are added to the cells at different concentrations in the AP assay. 

Example 3 : mRNA and protein expression analysis for the identified targets 

The assay presented in Example 1 demonstrates the discovery of proteins with 
osteogenic potential upon overexpressioa In order to confirm that these proteins are 
endogenously expressed in bone forming cells such as MPCs or primary human osteoblasts 
25 (hOBs), mRNA is extracted from these cells and expression analyzed using real-time RT- 
PCR. 

Expression levels of target genes are determined in 4 different isolates of MPCs 
and 2 different isolates of hOBs. The MPCs (obtained from human bone marrow 
(Cambrex/Biowhittaker, Venders, Belgium) and hOBs (obtained from 
30 Cambrex/Biowhittaker, Verviers, Belgium) are seeded at 3000 resp. 5000 cells/cm 2 in 
T180 flasks and cultured until they reached 80% confluency. The cells are washed with ice 
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cold PBS and harvested by adding 1050 |il SV RNA Lysis Buffer to T180 flask. Total 
RNA is prepared using the SV Total RNA isolation System (Promega, Cat # Z3100). The 
concentration of the total RNA is measured with the RIbogreen RNA Quantification kit 
(Molecular Probes, Leiden, The Netherlands, Cat No. R-11490). cDNA synthesis is 
5 performed using 40 ng total RNA per reaction using the TaqMan Universal PGR Master 
Mix, No AmpErase UNG, kit (Applied Biosystems, Warrington, UK,Part number 
4324018). For each reverse transcriptase (RT) reaction a minus-RT reaction (negative 
control: no enzyme included in the reaction) is performed 

The real-time reverse transcriptase (rtRT)-PCR reaction is performed with gene 
10 specific primers (Table 2) on both cDNA and minus-RT sanqries, using the SYBR Green 
PGR Master Mix (Applied Biosystems, Warrington, UK, Part number 4309155). Primers 
are quality controlled by performing PCR reactions on human genomic DNA and on 
plasmids containing the cDNA encoded by the gene studied. If the quality is 
unsatisfactory, additional primers are designed or validated primer sets are purchased 
15 (ABI). For the normalization of the expression levels a RT-PCR reaction is performed on 
human B-actin using the Human B-actin kit (Applied Biosystems, Warrington, UK, Part 
number 4310881E). The following program is run on a real-time PCR apparatus (ABI 
PRISM 7000 Sequence Detection System): 10 min at 25°C, 30 min at 48°C, 5 min at 
95°C. Expression levels for the target genes in multiple MPC and hOB isolates are 
20 compared to expression levels of B-actin. 



Table 2. Primers used for the expression analysis of the target genes. 



Gene 


Primer name 


Sequence 


SEQID 


RORB 


RORBjfor#2 


TGCCGACTGCAGAAGTGTCTT 


33 


RORB 


RORB_rev#2 


GTCCCTTTGCTTCTTGGACATC 


34 


NR1H3 


NRlH3Jbr#2 


GGGAAGACTTTGCCAAAGCA 


35 


NR1H3 


NRlH3_rev#2 


TCGGCATCATTGAGTTGCA 


36 


ADORA2A 


ADORA2A_for 


ATCCCGCTCCGGTACAATG 


39 


ADORA2A 


ADORA2A_rev 


TCCAACCTAGCATGGGAGTCA 


40 


RE2/GPR161 


RE2_for 


ATTGCCATCGACCGCTACTATG 


43 


RE2/GPR161 


RE2_rev 


CAGCCGATGAGCGAGTGAA 


44 


HSU93553 


HSU93553JFor 


CCGACAAGTGGTACATGGAAAG 


45 


HSU93553 


HSU93553_rev 


CTCCGGCTTGTGATGCTATTATG 


46 


CD97 


CD97Jbr 


atcx:agggttcagctcittttct 


47 
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CD97 j 


CD97_rev 


TTTTCCGCATGACACTTTCG 


48 


GPR52 


GPR52_for 


TGCGTCCGAGCGTCACT 


49 


GPR52 


GPR52_rev 


ATGCAGACATCCACCACACTGT 


50 


MC5R 


MC5R_For 


TCCGTGATGGACCCTCTCATATAT 


51 


MC5R 


MC5R_rev ; 


GGCAGCAAATAATCTCCTTAAAGGT 


52 


GPR65 


GPR65_for 


C1TTGGTCACCATCCTGATCTG 


53 


GPR65 


GPR65jrev 


TTCCTTGTTTTCCGTGGCTTTAT 


54 


GPR12 


GPR12_for 


GCTGCCTCGGGATTATTTAGATG 


55 


GPR12 


GPR12_rev 


TCTGGCTCTACGGCAGGAA 


56 


AVPR2 


AVPR2_for 


TGTGAGGATGACGCTAGTGATTG 


57 


AVPR2 


AVPR2_rev 


CAGCAACATGAGTAGCACAAAGG 


58 


DRD1 


DRDlJbr 


GTAACATCTGGGTGGCCTTTG 


59 


DRD1 


DRDl_rev 


ACCTGTCX^ACGCTGATCACA 


60 


ESRRG 


ESRRGJbr 


AAAGTGGGCATGCTGAAAGAA 


61 


ESRRG 


ESRRGjw 


CGCATCTATCCTGCX3CTTGT 


62 


OR51E2 


OR51E2__for 




63 


OR51E2 


OR51E2_rev 


GAGGACATTGGAGTG GCAGAA 


64 



Example 4: Analysis of the up-regulation of endogenous bone 
AP mRNA versus that of placental or intestinal 
APmRNA 

5 Bone alkaline phosphatase (BAP) is the physiologically relevant alkaline 

phosphatase (AP) involved in bone formation. In order to determine whether the measured 
AP activities are due to up-regulation of BAP expression or of another AP, mRNA levels 
for all AP genes are analyzed after infection of MPCs. 

mRNA levels are determined as described in the previous section. The difference is 
10 in the primer set used (Table 3): one set detects BAP ALPL (human alkaline phosphatase 
liver/bone/kidney) mRNA expression. Another set detects the expression of the 3 other AP 
genes (ALPI (human alkaline phosphatase intestinal), ALPP (human alkaline phosphatase 
placental (PLAP)), ALPPL2 (human alkaline phosphatase placental-like)). ALPI, ALPP 
and ALPPL2 are highly similar at the nucleotide level and can therefore be amplified using 
1 5 one primer pair. 

Table 3: Primer sets used to analyze mRNA 
expression of different alkaline 
phosphatase isoforms. 
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Name 


sequence 


SEQIDNO: 


JDO-05F (PLAP) 


TTCCAGACCATTGGCTTGAGT 


65 


JDO-05bis R 
(PLAP/ALPI/ALPPL2) 


ACTCCCACTOACT1TCCTGCT 


66 


JDO-21F (BAP) 


CATGCTGAGTGACACAGACAAGAAG 


67 


JDO-21R (BAP) 


TGGTAGTTGTTGTGAGCATAGTCCA 


68 



The primer pairs are first validated on RNA isolated from MPCs infected with Ad- 
eGFP and Ad-BMP2. Figure 6 illustrates the strong up-regulation of BAP mRNA by Ad- 
BMP2 and the absence of up-regulation of expression of any of the other AP genes. Both 
primer sets are then used to measure mKNA levels for all AP genes in RNA isolated from 
5 Ad-target infected MPCs. 

Example 5: Analysis of expression levels of NR5A2, NR1H3, NR1H2, 
ESKRG in cell types relevant to bone formation. 

To confirm that the identified target genes are endogenously expressed in cell types 
10 that relate to bone formation, mRNA levels for these genes are determined in relevant cell 
types. 

Primary cells or cell lines (Figure 14A-D: MPC isolates 1-4, calvarial osteoblasts 
(MCOst pop 1+2, 344)), human osteoblast cell lines (SaOS2, U20S) are cultured or 
calvarial skull tissue is harvested from 5-day old mice. Monolayers or skull tissue is 

15 harvested and total RNA is extracted (SV Total RNA isolation System, Promega # Z3100) 
and quantified (Ribogreen RNA Quantification kit, Molecular Probes, Leiden). cDNA 
synthesis is performed using 20 ng total RNA per reaction using the TaqMan Universal 
PCR Master Mix, No AmpErase UNG, kit (Applied Biosystems, Warrington, UK, Part 
number 4324018). For each reverse transcriptase (RT) reaction a minus-RT reaction 

20 (negative control: no enzyme included in the reaction) is performed. The real-time reverse 
transcriptase (rtRT)-PCR reaction is performed with gene specific primers on both cDNA 
and minus-RT samples, using the SYBR Green PCR Master Mix (Applied Biosystems, 
Warrington, UK, Part number 4309155). Primers are quality controlled by performing 
PCR reactions on human genomic DNA and on plasmids containing the cDNA encoded by 

25 the gene studied if available. If the quality is unsatisfactory, additional primers are 
designed or validated, and primer sets are purchased (ABI). For the normalization of the 
expression levels a RT-PCR reaction is performed on human p-actin using the Human (3- 
actin kit (Applied Biosystems, Warrington, UK, Part number 4310881E). The following 
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program is run on a real-time PCR apparatus (ABI PRISM 7000 Sequence Detection 
System): 10 min at 25°C, 30 min at 48°C, 5 min at 95°C. 

Expression levels for the four genes are compared to expression levels of beta-actin 
and the results shown in Figure 14 A-D. The figures show the Ct values obtained for 
5 analysing mRNA levels in different cell types or tissue for beta-actin or 4 target genes; 
n.a.: not analysed; "Sybrgreen" or **ABI primer* 9 denote whether an in-house developed 
primerset respectively a commercially available primerset was used to evaluate mRNA 
expression. Also shown are the graphic representation of the differential expression levels 
of target genes versus beta-actin expression levels (values are taken from left columns 
1 0 from the data tables). 

In conclusion, the identified target genes are expressed in multiple cell types 
relevant to bone formation. It should be noted that target gene ESRRG is not expressed in 
the MPC isolates tested. 

15 Example 6: Activity of LXR agonists in the BAP assay, 

upon over-expression of NR1H2 or NR1H3. 

Ad-NR1H2 and GW396S 

A dose-response relation is observed for AP activity when MPCs are infected with 
20 Ad-NR1H2 and treated with GW3965 (Figure 11). MPCs are seeded on day 0 at 1000 
cells per well of a 384 well plate and co-infected the next day using AdC51-hCAR (MOI 
250) and different MOIs of Ad5-NR1H2 (MOI 2000, 666). On day 1, 9 concentrations 
(1.52E-9M, 4.57E-9M, 1.37E-8M, 4.12E-8M, 1.23E-7M, 3.7E-7M, 1.11E-6M, 3.33E-6M, 
1E-5M) of the compound GW3965 with fixed vehicle concentration (DMSO at final 
25 concentration of 0,161%) are added to the wells. After 6 days, medium is removed and 
replaced with fresh medium containing the same concentrations of the compound 
GW3965. Readouts of AP activity are performed at several time points after the start of 
the experiment, typically after 7, 10 and 13 days. Up-regulation of alkaline phosphatase 
activity is read as follows: medium is removed from the monolayers, 15 \il MUP is added 
30 to each well, the plates are incubated for 15 min at 37°C and then read for AP activity 
using a fluorescence plate reader (Fluostar, BMG). Figure 1 1 illustrates the dose-response 
activity of GW3965 in the presence of Ad-NR1H2. 

Ad-NR1H2. Ad-NR1H3 and acetvl-podocarp fc Hinw (APD) 
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A dose-response relation is observed for AP activity when MPCs are infected with 
Ad-NR1H2 or Ad-NR1H3 and treated with acetyl podocacpic dimer (APD - see Figure 12 
for compound structure; APD is disclosed as "Compound 1" in published 
UA2003/0086923A1, of which the preparation of APD is incorporated by reference). 
5 MPCs are seeded on dayO at 1000 cells per well of a 384 well plate and co-infected the 
next day using AdC51-hCAR (MOI 250) and different MOIs of Ad5-NR1H2 or Ad- 
NR1H3 (MOI 2000, 6000). On day 1, 12 concentrations (5.65E-11M, 1.69E-10M, 5.08E- 
10M, 1.52E-9M, 4.57E-9M, 1.37E-8M, 4.12E-8M, 1.23E-7M, 3.7E-7M, 1.11E-6M, 
3.33E-6M, 1E-5M) of the compound APD with fixed vehicle concentration (DMSO at 

10 final concentration of 0,1%) are added to the wells. After 6 days, medium is removed and 
replaced with ftesh medium containing the same concentrations of the compound APD. 
Readouts of AP activity are performed at several time points after the start of the 
experiment, typically after 7, 10 and 13 days. Up-regulation of alkaline phosphatase 
activity is read as follows: medium is removed from the monolayers, 15 |il MUP is added 

15 to each well, the plates are incubated for 15 min at 37°C and then read for AP activity 
using a fluorescence plate reader (Fluostar, BMG), Figure 13 illustrates the dose-response 
activity of APD in the presence of Ad-NR1H2 or Ad-NR1H3. 

In conclusion, AP activity is up-regulated in cells transduced with either NR1H3 or 
NR1H2 in a dose-dependent manner when LXR agonists, APD, GW3965 and T0901317, 

20 respectively, are added to the sells at different concentrations in the AP assay. 

Example 7: Osteogenic pathway analysis: NR5A2 and 

NR1TT3-fT0901317 up-regulate mRNA levels of osteogenic markers 

25 Osteogenic differentiation of MPCs into osteoblasts is accompanied by the up- 

regulation of osteogenic proteins. The latter are useful to study the induction of osteogenic 
differentiation by a novel target using for example real-time RT-PCR. The MPCs that are 
used in this study are profiled for the up-regulation of a limited set of osteogenic markers 
by BMP2. Markers that show differential expression for BMP2 are subsequently tested 

30 against mRNA derived from Ad-NR5A2 infected cells or derived fiom Ad- 
NR1H3+T0901317 treated cells. 

100,000 MPCs are seeded in each well of a 6 well plate in 2 ml MPC medium, 
containing 10% FCS. The next day, after incubation at 37°C, 10% C0 2 in a humidified 
incubator, cells are co-infected with AdC15-hCAR (final MOI of 750) and Ad-NR5A2, 
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Ad-NR1H34-T0901317 (1 pM) or Ad-BMP2 (positive control) or Ad-eGFP or Ad- 
luciferase as negative controls (final MOIs of 1250 and 2500). Cells are incubated at 
37°C, 10% CO2 in a humidified incubator for a further six days unless cells are already 
harvested for RNA isolation. Virus is removed and replaced by 2 ml fresh OS medium 
5 (proprietary medium containing 10% FCS). Over the next 3 weeks, medium is refreshed 3 
times per 2 weeks. Every other time, medium is refreshed half or completely. Monolayers 
are harvested at several time points (see Figure 15), total RNA is harvested and quantified 
and rtRT-PCRs are run as follows: monolayers are washed with ice cold PBS and 
harvested by adding SV RNA Lysis Buffer. Total RNA is prepared using the SV Total 

10 RNA isolation System (Promega, Cat # Z3100). RNA concentration is measured with the 
Ribogreen RNA Quantification kit (Molecular Probes, Leiden, The Netherlands, Cat No. 
R-11490). cDNA synthesis is performed using 20 ng total RNA per reaction using the 
TaqMan Universal PGR Master Mix, No AmpErase UNG, kit (Applied Biosystems, 
Warrington, UK, Part number 4324018). For each reverse transcriptase (RT) reaction a 

15 minus-RT reaction (negative control: no enzyme included in the reaction) is performed. 
The real-time reverse transcriptase (rtRT)-PCR reaction is performed with gene specific 
primers on both cDNA and minus-RT samples, using the SYBR Green PCR Master Mix 
(Applied Biosystems, Warrington, UK, Part number 4309155). Primers are quality 
controlled by performing PCR reactions on human genomic DNA and on plasmids 

20 containing Jixe cDNA encoded by the gene studied if available. If the .quality is 
unsatisfactory, additional primers are designed or validated primer sets are purchased 
(ABI). For the normalization of the expression levels a RT-PCR reaction is performed on 
human P-actin using the Human (i-actin kit (Applied Biosystems, Warrington, UK, Part 
number 43 1088 IE). The following program is run on a real-time PCR apparatus (ABI 

25 PRISM 7000 Sequence Detection System): 10 min at 2S°C, 30 min at 48°C, 5 min at 
95°C. 

Expression levels for osteogenic marker genes are first normalized for beta-actin 
levels. The resulting data for Ad-BMP2, Ad-NR5A2 and Ad-NR1H3+T0901317 (1 jiM) 
samples are then compared to those of Ad-eGFP or Ad-luciferase negative control 
30 samples, harvested at the same time points, for cells infected at the same MOL The fold 
up-regulation of marker gene mRNA induced by NR5A2 or BMP2 over-expression are 
calculated and presented in Figure 15. Osteogenic markers are considered to be up- 
regulated by BMP2, NR5A2 or NR1H3+T0901317 over-expression if their expression is 
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4-fold higher than that in a negative control sample (Ad-eGFP or Ad-luciferase). Ad- 

NR5A2 up-regulated expression of PTHR1, BAP, osteopontin, aromatase and RANKL at 

one or more time points studied, Ad-NR1H3+T0901317 up-regulated expression of 

PTHR1, BAP, osteopontin, aromatase and RANKL at one or more time points studied. 

5 Example 8: Osteogenic pathway analysis: Up-regulation of 

NR5A2 and NR1H3 mRNA levels b v osteogenic triggers 

MPCs are treated with established inducers of osteogenesis and NR5A2 or NR1H3 
mRNA levels are determined in an effort to place NR5A2 or NR1H3 in known osteogenic 
10 pathways. 

100,000 MPCs are seeded in each well of a 6 well plate in 2 ml MPC medium, 
containing 10% FCS. The next day, after incubation at 37°C, 10% C0 2 in a humidified 
incubator, cells arc co-infected with AdC15-hCAR (final MOI of 750) and Ad-BMP2, Ad- 
RUNX2, Ad-MSX2, Ad-PTHRl/PTHLH or Ad-eGFP or Ad-luciferase as negative 

15 controls (final MOIs of 1250 and 2500). Alternatively, cells are treated with 
dexamethasone (final concentration 0.1 jiM), VitD3 (final concentration 0.1 jiM) or the 
vehicle controls (0.1 % EtOH or DMSO). Cells are incubated at 37°C, 10% C0 2 in a 
humidified incubator for a further six days unless cells are already harvested for RNA 
isolation. Virus is removed and replaced by 2 ml fresh OS medium (proprietary medium 

20 containing 10% FCS). Over the next 18 days, medium is refreshed 3 times per 2 weeks. 
Every other time, medium is refreshed half or completely. Monolayers are harvested at 
several time points (see Figure 16), total RNA is harvested and quantified and rtRT-PCRs 
is run as described in the previous example "NR5A2 and NR1H3+T0901317 up-regulate 
mRNA levels of osteogenic markers". The fold up-regulation of NR5A2 or NR1H3 

25 mRNA compared to negative controls (vehicle for dexamethasone or VitD3 treatment) or 
Ad-luciferase for Ad-infections) is calculated (Figure 16). 

NR5A2 mRNA levels became up-regulated by VitD3 treatment at several time 
points and NR1H3 and NR5A2 levels by Ad-PTHRl/PTHLH infection at the 4 dpi time 
point. 

30 Example 9: Mineralization assay 

The process of osteogenesis consists of several successive events. During the 
initial phases of osteogenesis, BAP becomes up-regulated, while mineralization is a 
specific event occurring in later stages of osteogenesis. 
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Bone tissue consists of cells embedded in a matrix of organic materials (e.g., 
collagen) and inorganic materials (Ca 2+ and phosphate). Bone mineralization is shown in 
vitro by staining differentiated bone cells for the matrix they deposited. The Von Kossa 
and Alizarin RedS stains allow the visualization of deposited phosphate and calcium, 
5 respectively. 

On day one, primary human MPCs are seeded in a 6 well plate (Costar or Nunc) at 
a density of 50,000 to 250,000 cells per well, typically at 100,000 cells per well. MPCs are 
co-infected one day later with AdC15-hCAR (MOI 750) and Ad-control (eGFP or BMP2) 
or hit-virus (Ad5) (at MOIs between 250 and 20,000, typically at MOIs 5000 and 2500). 

10 For Ad-GPCR or Ad-NHR experiments, cells can additionally be treated with specific 
ligands. These are added at the EC 5 o concentration and at concentrations 5-10 times higher 
and lower. Ligands are added 2-3 times per week. Medium supplemented with 100 fig/ml 
L-ascorbate and 10 mM beta-glycerophosphate, is refreshed 2 times a week. 20 to 30 days 
after the start of the experiment, cells are stained with Von Kossa stain or with Alizarin 

15 RedS stain. 

The Alizarin RedS staining is carried out as follows: cells are washed once with 
PBS, fixed with 10% paraformaldehyde for 45 minutes at 4°C, and washed 2 times with 
PBS. Cells are incubated with 40 mM aqueous Alizarin RedS solution, pH 4.1-4.3 for 10 
minutes followed by 5 washes with distilled water. Staining is evaluated and photographed 
20 using white light Examples are shown in Figures 7 and 8. 

In conclusion, two targets are already identified that induced mineralization, in the 
presence or absence of their respective ligands: NR5A2 (Figure 7) and NR1H3 (Figure 8). 

In studies conducted with calvarial skull tissue, the administering of LXR agonists 
alone induce bone formation, thereby showing that LXR agonists are useful in the methods 
25 of the present invention, including methods for differentiating precursor cells into 
osteoblasts, for stimulating bone tissue formation, and treating or preventing bone diseases, 
including treating or preventing osteoporosis. 

The data presented in Figures 9 and 10 indicate that LXR agonists do not induce 
the same level of alkaline phosphatase activity in the absence of Ad-NR1H3 or Ad- 
30 NR1H2, as in the presence of Ad-NR1H3 or Ad-NR1H2. This finding, which appears 
inconsistent with the calvarial skull tissue findings, may be the result of many factors, such 
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as, for example, the overexpression of NR1H3 or NR1H2 protein may recruit a different 
set of coactivator proteins than endogenous NR1H3 or NR1H2 proteins. 

Example 10. Calvarial skull assav: activity of the NR1H3 agonist T0901317 
5 Adult bone consists of organic (e.g. collagen type T) and inorganic (calcium 

phosphate) material, bone-forming cell types (MPCs, osteoblasts and osteocytes) and 
bone-degrading cell types (osteoclasts). Since the MPC monolayers, used in the 
identification and initial validation of the target hits, do not mimic the multi-cellular 3- 
dimensional in vivo environment, bone organ culture models were developed. Elegant ex 

10 vivo models that closely mimic the in vivo bone environment are bone organ cultures, such 
as the metatarsal or calvarial skull organ culture models. In the former model, foot bones 
formed by endochondral ossification are used. In the latter model, skull bones, formed by 
intramembranous ossification are used (see also Figure 1). This example describes the 
latter model using calvarial skull bones. 

1 5 CD1 pups are harvested around birth from CD1 female mice (received from Janvier 

(Le Genest St Isle, France) when they were 1 1 days pregnant). Pups are decapitated and 
the calvarial skull is dissected and split into 2 hemicalvaria. Hemicalvaria are blotted using 
sterile gauze, weighed and cultured in 24 well plates (MEMalpha or BGJb-Fitton- Jackson 
medium containing 50 jag/ml L-ascorbic acid (Sigma, A-4034), 5 mM ^-glycerophosphate 

20 (Sigma, G-9891) and Penicillin-Streptomycin (Invitrogen -Cat # 15140-122)). Small 
molecules (ligands, agonists, antagonists) are tested in at least three-fold at a minimum of 
3 concentrations. Each small molecule is added to the medium on day 0 and added again 
when refreshing the medium (every 2-3 days). Three to 16 days after the start of the 
experiment, skulls are weighed again after blotting them dry using sterile gauze. The 

25 weight difference is calculated, expressed as percent weight change and the mean and 
standard deviations (SD) are calculated for the triplicate measurements. Data are analyzed 
using the Student's t-test. Weight increases for Ad-BMP2 and Ad-BMP7 positive controls 
are depicted in Figure 17 . 

The formation of new osteoid is analyzed histologically as follows: hemicalvaria 

30 are fixed in 10% buffered formalin for at least 2 days, decalcified in 10% EDTA overnight, 
processed through graded alcohols and embedded in paraffin wax. Three to 10 \im sections 
are prepared of the calvaria and stained with hematoxylin and eosin (H&E), Healthy cells, 
dead cells, old and new bone, and collagen are identified by their distinctive morphology 
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and colouring observed after H&E staining. The surfaces taken by these are measured 
stereologicaUy (\xm 2 readout) and termed Osteoblast area, Debris area, Native and New 
bone area, Collagen area and Total area (sum of the previous 5 areas), respectively. In 
addition, the thickness {\xm readout) is measured at 8 positions, evenly spaced over the 
5 section. 

The histological readout of the calvarial skull assay is developed using known 
osteogenic agents. Hemicalvaria were treated with recombinant human parathyroid 
hormone (rhPTH). PTH has a dual action on bone: PTH needs to be administered in vivo 
intermittently rather than continuously since the latter treatment regimen results in bone 
10 resorption, while the former results in bone build-up. This dual action is also observed in 
the calvarial skull model as expected: PTH at 10" 7 M has a resorptive effect on bone tissue 
but induces bone build-up at 10~ n M. 

Since NR1H3 and T0901317 score well in the AP and mineralization assay, the 
commercially available NR1H3 agonist, T0901317, is tested in the calvarial skull model to 
1 5 further show the osteogenic potential of NR1H3 agonism. 

T0901317 is added to the culture medium of the dissected hemicalvaria at the day 
of dissection at several doses (19.5, 78.1 and 313 nM), in fourfold. The concentration of 
the solvent (vehicle), DMSO, is fixed at a final concentration of 0.05%. The medium, 
containing T0901317 or vehicle control is refreshed every 2-3 days. Hemicalvaria are 
20 harvested 7 days after the initiation of the experiment and subjected to the histological 
analysis described above. Statistically significant increases are observed for areas of 
osteoblast, collagen and new bone. Dose-response activity of the compound is observed 
towards areas of osteoblast, total area (sum of all areas measured) and thickness (Figure 
18). 

25 Apart from the H&E stainings, other stainings are routinely done. In one method, 

AP activity is visualized as follows: slides are fixed for 10 min using 4% 
paraformaldehyde and washed with PBS and MilliQ water. Slides are incubated for 5 min 
with ALP buffer (ALP buffer: 0.1M Tris-HCl pH 9.5, 20 mM MgCl 2 , 100 mM NaCl), 
blotted using tissue and incubated with substrate (NBT/BCIP (Nitrobluetetrazolium 

30 chloride / 5-bromo-4-chloro-3-indolyl phosphate, Roche) in ALP buffer). The staining is 
stopped by washing with MilliQ water when the color turns from yellow into brown. 
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Example 11: Dominant-negative RUNX2 mufa nt interfe res with AP up-regulation 

bv NRSA2. NR1H3 ± T0901317 and ESRRG 
RUNX2 is a key osteogenic transcription factor relaying many osteogenic triggers 
received by MPCs or osteoblasts into the appropriate osteogenic transcriptional output. 
5 Knockout studies in mice show that RUNX2 is crucial for the ossification of the skeleton 
during development (Franceschi RT and Xiao G (2003)). 

A useful tool to study RUNX2 biology and the osteogenic signals it relays are 
RUNX2 mutants. A truncated RUNX2 protein lacking the C-terminal transactivating 
region, but retaining the N-terminal Runt homology DNA binding domain acts as a 
10 dominant-negative RUNX2 (DN-RUNX2) protein. This type of mutant can interfere with 
RUNX2 activity in vitro and in vivo (Zhang et al, 2000). MPCs express significant levels 
of RUNX2 mRNA (levels are about 10-fold lower than b-actin mRNA levels). 

Since the osteogenic activity of BMP2 is known to work through RUNX2, Ad- 
BMP2 and Ad-DN-RUNX2 viruses are used to develop the DN-RUNX2 assay. The 
15 human full-length RUNX2 cDNA is obtained by RT-PCR from total RNA extracted from 
MPCs. The 5 f part of the cDNA encoding amino acids 1-214 is obtained by PCR from the 
cloned RUNX2 cDNA and subcloned in an adenoviral adapter plasmid. The identity of 
the cloned fragment is verified by sequencing. This plasmid is used to generate an 
adenoviral stock, as described in WO 9964582. 
20 MPCs are seeded at 1000 cells/well in a 384 well plate and infected the nex^day 

with adenoviruses encoding hCAR (MOI 250), Ad-BMP2 (MOIs 6000, 2000, 666) and 
one of Ad-DN-RUNX2 or Ad-luciferase (MOIs 2000 or 666). Alkaline phosphatase 
activity is read 6 days post infection. From Figure 19 (A), it is clear that ovetexpression of 
DN-RUNX2 significantly reduces the BMP2-induced up-regulation of AP activity. This 
25 result shows the functionality of the DN-RUNX2 construct used. 

The DN-RUNX2 assay is used to test the involvement of RUNX2 in the ;up- 
regulation of AP activity by NR5A2, NR1H3, and ESRRG. MPCs are seeded at 1000 
cells/well in a 384 well plate and are infected the next day with adenoviruses encoding 
hCAR (MOI 250), Ad-BMP2, Ad-ESRRG, Ad-NR5A2, Ad-NR1H3 (MOIs 6000, 2000, 
30 666) and one of Ad-DN-RUNX2 or Ad-luciferase (MOI 1000 or MOIs 2000 and 666) (see 
Figure 19 (C)), Alkaline phosphatase activity is read 6 days post infection and raw data 
are analysed. From Figure 19 (B), it is clear that overexpression of DN-RUNX2 
significantly reduced the ESRRG- and NR5A2-induced up-regulation of AP activity. 
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From Figure 19 (C), it is clear that overexpression of DN-RUNX2 significantly reduces the 
up-regulation of AP activity induced by NR1H3 in the presence of T0901317. 

Example 12: Induction of alkaline phosphatase activity by NR5A2. 
5 NR1H3 ± T0901317. ESRRG. independent of MPC 

isolate 

MPCs can be isolated, with informed consent, from fresh bone marrow 
isolated from healthy donors (Cambrex Bioscience/Biowhittaker, Venders, Belgium). 
MPCs are a physiologically relevant cell type to isolate osteogenic factors in vitro, using 

10 e.g. the AP assay (see Example 2). To exclude targets that function in only one MPC 
isolate (Le. from one donor), the targets are also tested on several different MPC isolates to 
exclude the influence of genetic background in the target discovery process using MPCs. 

The osteogenic factors NR5A2, NR1H3 and ESRRG are tested in 3 independent 
MPC isolates different from the one used for target discovery in the AP assay according to 

15 a protocol described in Example 2. MPCs are seeded at 1000 cells/well of a 384 well plate 
and infected the next day with adenoviruses encoding hCAR (MOI 250), Ad-BMP2, Ad- 
ESRRG, Ad-NR5A2, and Ad-NR1H3 (MOIs 10000, 2500, 625). MPCs infected with Ad- 
NR1H3 virus at MOI 2500 are also treated one day after infection with T0901317 at 
different concentrations (Figure 20) or vehicle. MPCs isolated from 4 different donors 

20 (A3,C,D), are infected with Ad-hCAR, Ad-BMP2 (positive control), Ad-eGFP (negative ? 
control), Ad-NR5A2, Ad-ESRRG (data presented in the left panels of AJ&,C JD) and Ad- 
NR1H3 + T0901317 (data presented in the right panels of A,B,C,D) together with Ad- 
luciferase or Ad-DN-RUNX2. 6 days after the start of the infection, endogenous AP 
activity is measured. 

25 From Figure 20, it is clear that NR5A2, NR1H3 + T0901317 and ESRRG induce 

AP activity to similar extents in all 4 MPC isolates tested. 

Example 13: Analysis of LXR agonists for the treatment of 
osteoporosis in the ovariectomy animal model 

30 

The gold-standard animal model for analysis of potential osteoporosis therapeutics 
is the ovariectomy model. Ovariectomy (OVX) results in a drop in estrogen production 
which is an important causative fector of osteoporosis. This example uses the rat as the 
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animal model, but other animal models such as mice or primates are routinely used by 
those skilled in the art. 

Three-month-old female Lewis rats are maintained under constant conditions of 
temperature (20 ± 1°C) and light (12-h light-dark cycle) with ad libitum access to food and 
5 water. Rats are sham operated or underwent bilateral ovariectomy after being anesthetized 
with ketamine and Xylazine. Ovaries are removed after ligation of the uterine horn. 

The following groups are formed: sham operated control rats (N = 10), 
ovariectomized rats that receive saline only (OVX, N = 12), ovariectomized rats that 
receive 17fl-esHadiol (Sigma Chemical Co., St. Louis, MO, USA) dissolved in small 
10 amounts of ethanol with the volume adjusted with olive oil to give a concentration of 30 
jig/kg body weight and administered daily subcutaneously for 6 weeks (OVX-E, N = 11), 
ovariectomized rats that receive LXR agonists suspended in the appropriate vehicle (e.g. 
water and lecithin) and administered daily p.o. for 6 weeks at a dose of 0.1 to 100 mg/kg 
body weight (OVX-A, N = 8). All rats are sacrificed after 6 weeks. On the 2nd, 3 rd and 
15 28th day prior to sacrifice, the rats receive xytetracycline (Tenamycin, Pfizer) 
administered intramuscularly at a dose of 20 mg/kg for bone labeling. Femora are 
obtained for mineralized bone histology and histomorphometry. Bone mineral density 
(BMD) is measured by dual-energy X-ray absorptiometry (using e.g. apparatus from CTI 
Concord Microsystems, Knoxville Tb Bittp://www.ctimi.com) adapted to the measurement 
,. 20 of BMD in small animals. A distal femur scan is performed. In vivo reproducibility is 
evaluated by measuring the coefficient of variation (CV = 100 x SD/mean) of five BMD 
measurements in one rat weighing about 220 g, each time repositioning the rat at the two 
different sites. The variation is 1.4% in distal femur. In addition, bone alveolar structure 
is evaluated. All parameters are measured twice, i.e., at baseline and after 6 weeks. 
25 The distal right femur is fixed in 70% ethanol, dehydrated, embedded in 

methylmethacrylate, and sectioned longitudinally using a Policut S microtome (Reichert- 
Jung, Heidelberg, Germany). 5- and 10-jim sections are obtained from the center of each 
specimen. The 5-fim section is stained with 0.1% toluidine blue, pH 6.4, and at least two 
non-consecutive sections are examined for each sample. Static and structural parameters 
30 of bone formation and resorption are measured at a standardized site below the growth 
plate in the secondary spongiosa. 

Urine is collected in metabolic cages. Urinary deoxypyridinoline is measured by 
ELISA and creatinine via a third party diagnostic laboratory. Other plasma markers are 
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evaluated by ELISA included osteocalcin, bone sialoprotein, BMP (bone moiphometric 
protein) and the catabolic marker carboxy-terminal-telopeptide. 

The rats are sacrificed by exsanguination while under ether anesthesia. All animal 
data is obtained by blind measurements. Data are reported as mean ± standard deviation 
5 (SD). The paired Student t-test is used to analyze values within the same group at baseline 
and after 6 weeks. ANOVA followed by the Newman-Keuls post-test is used to compare 
different groups. Linear regression between histomorphometric variables and non-invasive 
bone mass measurements is calculated and the Pearson test is applied. Statistical 
significance is set at P values lower than 0.05. 

10 

Example 13: Analysis of targets agonists for the treatment 
of osteoporosis in the ovariectomy animal 
model 

15 The gold-standard animal model for analysis of potential osteoporosis therapeutics 

is the ovariectomy model. Ovariectomy (OVX) results in a drop in estrogen production 
which is an important causative factor of osteoporosis. The example below relates to the 
rat as the animal model, but other animal models such as mice or primates are routinely 
used as well by those skilled in the art. 

20 Three-month-old female Lewis rats are maintained under constant conditions of 

tenperature (20 ± 1°£) and light (12-h light-dark cycle) with ad libitum access to food §nd 
water. Rats are sham operated or underwent bilateral ovariectomy after being anesthetized 
with ketamine and Xylazine. Ovaries are removed after ligation of the uterine horn. 

The following groups are formed: sham operated control rats (N = 10), 

25 ovariectomized rats receiving saline only (OVX, N = 12), ovariectomized rats receiving 
17B-estradiol (Sigma Chemical Co., St Louis, MO, USA) dissolved in small amounts of 
ethanol with the volume adjusted with olive oil to give a concentration of 30 jig/kg body 
weight and administered daily subcutaneously for 6 weeks (OVX-E, N = 11), 
ovariectomized rats receiving agonists of the targets of this application suspended in the 

30 appropriate vehicle (e.g. water and lecithin) and administered daily p.o. for 6 weeks at a 
dose of 0.1 to 100 mg/kg body weight (OVX-A, N = 8). All rats are sacrificed after 6 
weeks. On the 2nd, 3 rd and 28th day prior to sacrifice, they receive xytetracycline 
(Terramycin, Pfizer) administered intramuscularly at a dose of 20 mg/kg for bone labeling. 
Femora are then obtained for mineralized bone histology and hi stomorphometry. Bone 
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mineral density (BMD) is measured by dual-energy X-ray absorptiometry (using e.g. 
apparatus from CTT Concord Microsystems, Knoxville TN) adapted to the measurement of 
BMD in small animals. A distal femur scan is performed. In vivo reproducibility is 
evaluated by measuring the coefficient of variation (CV = 100 x SD/mean) of five BMD 
5 measurements in one rat weighing 220 g, each time repositioning the rat at the two 
different sites. The variation is 1 .4% in distal femur. In addition, bone alveolar structure 
is evaluated All parameters are measured twice, i.e., at baseline and after 6 weeks. 

The distal right femur is fixed in 70% ethanol, dehydrated, embedded in 
methylmethacrylate, and sectioned longitudinally using a Policut S microtome (Reichert- 

10 Jung, Heidelberg, Germany). 5- and 10-jxm sections are obtained from the center of each 
specimen. The 5-jim section is stained with 0.1% toluidine blue, pH 6.4, and at least two 
non-consecutive sections are examined for each sample. Static and structural parameters 
of bone formation and resorption were measured at a standardized site below the growth 
plate in the secondary spongiosa. 

15 Urine is collected in metabolic cages. Urinary deoxypyridinoline is measured by 

ELISA and creatinine via a third party diagnostic laboratory. Other plasma markers are 
evaluated by ELISA included Osteocalcin, Bone sialoprotein, BMP (bone morphometric 
protein) and the catabolic marker CaAoxy-Terminal-Telopeptide. 

The rats are then sacrificed by exsanguinations while under ether anesthesia. All 

20 animal dala is obtained by blind measurements. Data are reported as m$pn ± standard 
deviation (SD). The paired Student t-test is used to analyze values within the same group 
at baseline and after 6 weeks. ANOVA followed by the Newman-Keuls post-test is used 
to compare different groups. Linear regression between histomorphometric variables and 
non-invasive bone mass measurements is calculated and the Pearson test is applied. 

25 Statistical significance is set at P values lower than 0.05. 

Example 14. Ligand Screens For GPCRs. 

Example 14 A. Reporter Gene Screen. 
Mammalian cells such as Hek293 or CHO-K1 cells are either stably transfected 
30 with a plasmid harboring the luciferase gene under the control of a cAMP dependent 
promoter (CRE elements) or transduced with an adenovirus harboring a luciferase gene 
under the control of a cAMP dependent promoter. In addition reporter constructs can be 
used with the luciferase gene under the control of a Ca 2+ dependent promoter (NF-AT 
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elements) or a promoter that is controlled by activated NF-kB. These cells, expressing the 
reporter construct, are then transduced with an adenovirus harboring the cDNA of a GPCR 
of Table 1. Forty (40) hours after transduction the cells are treated with a large collection 
of reference compounds comprising peptides (LOPAP, Sigma Aldrich), lipids (Biomol, 
5 TimTech), carbohydrates (Specs), natural compounds (Specs, TimTech), small chemical 
compounds (Tocris), commercially available screening libraries, and compounds that have 
been demonstrated to have binding affinity for a polypeptide coirgprising an amino acid 
sequence selected ftom the group consisting of the SEQ ID NOs of the GPCRs of Table 1. 
Compounds, which increase luciferase activity, are considered to be agonists for a 

10 GPCR of Table 1. These compounds are screened again for verification and screened 
against their ability to up-regulate BAP in osteoblast progenitor cells. The compounds are 
also screened to verify binding to the GPCR. The binding and reporter activity assays can 
be performed in essentially any order to screen compounds. 

la addition, cells expressing the NF-AT reporter gene can be transduced with an 

15 adenovirus harboring the cDNA encoding the a-subunit of Gis or chimerical Ga subunits. 
Gi 5 is a promiscuous G protein of the G q class that couples to many different GPCRs and 
as such re-directs their signaling towards the release of intracellular Ca 2+ stores. The 
chimerical G alpha subunits are members of the G 8 and Gy Q family by which the last 5 C- 
terminal residues are replaced by those of Goq, these chimerical G-proteins also redirect 

20 cAMP signaling to Ca 2+ signaling. ^ 
Example 14 B. FLIPR screen. 
Mammalian cells such as Hek293 or CHO-K1 cells are stably transfected with an 
expression plasmid construct harboring the cDNA of a GPCR of Table 1. Cells are 
seeded, grown, and selected until sufficient stable cells can be obtained. Cells are loaded 

25 with a Ca 2+ dependent fluorophore such as Fura3 or Fura4. After washing away the excess 
of fluorophore the cells are screened against a large collection of reference compounds 
comprising peptides (LOPAP, Sigma Aldrich), lipids (Biomol, TimTech), carbohydrates 
(Specs), natural compounds (Specs, TimTech), small chemical compounds (Tocris), 
commercially available screening libraries, and compounds that have been demonstrated to 

30 have binding affinity for a polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NOs of the GPCRs of Table 1, and a compound to the 
cells. Activation of the receptor is measured as an almost instantaneously increase in 
fluorescence due to the interaction of the fluorophore and the Ca 2+ that is released. 
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Compounds that increase fluorescence are considered to be agonists for the receptor they 
are screened against These compounds are screened again to measure the binding to a 
GPCR of Table 1. 

Example 14 C. AeauoScreen. 
5 CHO cells, stably expressing Apoaequorin are stably transfected with a plasmid 

construct harboring the cDNA of a GPCR of Table 1. Cells are seeded, grown, and 
selected until sufficient stable cells can be obtained The cells are loaded with 
coelenterazine, a cofector for apoaequorin. Upon receptor activation intracellular Ca 2+ 
stores are emptied and the aequorin will react with the coelenterazine in a light emitting 

10 process. The emitted light is a measure for receptor activation. The CHO cells stably 
expressing both the apoaequorin and the receptor are screened against a large collection of 
reference compounds comprising peptides (LOPAP, Sigma Aldrich), lipids (Biomol, 
TimTech), carbohydrates (Specs), natural compounds (Specs, TimTech), small chemical 
compounds (Tocris), commercially available screening libraries, and compounds that have 

15 been demonstrated to have binding affinity for a polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ED NOs of the GPCRs of Table 1, by 
adding a compound to the cells. Activation of the receptor is measured as an almost 
instantaneously light flash due to the interaction of the apoaequorin, coelenterazine, and 
the Ca 2+ that is released Compounds that increase light are considered to be agonists for 

20 the receptor they are screened against These compounds are screened again to measure 
the amount of binding to a GPCR of Table 1 . 

In addition, CHO cells stably expressing the apoaequorin gene are stably 
transfected with a plasmid construct harboring the cDNA encoding the a-subunit of G15 or 
chimerical G a subunits. G15 is a promiscuous G protein of the G q class that couples to 

25 many different GPCRs and as such redirects their signaling towards the release of 
intracellular Ca 2+ stores. The chimerical G alpha subunits are members of the G 8 and Gy Q 
family by which the last 5 C-terminal residues are replaced by those of Goq, these 
chimerical G-proteins also redirect cAMP signaling to Ca 2+ signaling. 

30 Example 14 D: Screening for compounds that bind to 

the GPCR polypeptides (displacement 
experiment) 
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Compounds are screened for binding to the GPCR of Table 1 polypeptides. The 
affinity of the compounds to the polypeptides is determined in a displacement experiment. 
In brief, the GPCR polypeptides are incubated with a labeled (radiolabeled, fluorescent 
labeled) ligand that is known to bind to the polypeptide and with an unlabeled compound. 
5 The displacement of the labeled ligand from the polypeptide is determined by measuring 
the amount of labeled ligand that is still associated with the polypeptide. The amount 
associated with the polypeptide is plotted against the concentration of the compound to 
calculate IC50 values. This value reflects the binding affinity of the compound to its target, 
ie. the GPCR of Table 1 polypeptides. Strong binders have an IC50 in the nanomolar and 
10 even picomolar range. Compounds that have an IC 50 of at least 10 micromol or better 
(nmol to pmol) are applied in e.g. the alkaline phosphatase assay to check for their effect 
on osteogenesis. The GPCR of Table 1 polypeptides can be prepared in a number of ways 
depending on whether the assay is run on cells, cell fractions or biochemically, on purified 
proteins. 

15 Example 14 E. Screening for compounds that bind to a 

GPC R of Table 1 (generic GPCR 
screening assay") 

When a G protein receptor becomes constitutively active, it binds to a G protein 
(G q , G s , Gi, G 0 ) and stimulates the binding of GTP to the G protein. The G protein then 

20 acts as a GTPase and slowly hydrolyses the GTP to GDP, whereby the receptor, under 
normal conditions, becomes deactivated. However, constitutively activated receptors 
continue to exchange GDP to GTP. A non-hydrolyzable analog of GTP, [ 35 S]GTPyS, can 
be used to monitor enhanced binding to membranes which express constitutively activated 
receptors. It is reported that [ 35 S]GTPyS can be used to monitor G protein coupling to 

25 membranes in the absence and presence of ligand. Moreover, a preferred approach is the 
use of a GPCR-G protein fusion protein. The strategy to generate a GPCR of Table 1-G 
protein fusion protein is well known for those known in the art. Membranes expressing 
GPCR of Table 1-G protein fusion protein are prepared for use in the direct identification 
of candidate agonist compounds. Homogenized membranes with GPCR of Table 1-G 

30 protein fusion protein are transferred in a 96-well plate. A pin-tool is used to transfer a 
candidate compound in each well plus [ 35 S]GTPyS, followed by incubation on a shaker for 
60 minutes at room temperature. The assay is stopped by spinning of the plates at 4000 
RPM for 1 5 minutes at 22°C. The plates are then aspirated and radioactivity is then read 
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Example 14 F, Receptor Ligand Bindi n g Study On Cell Surface 
The receptor is expressed in mammalian cells (Hek293, CHO, COS7) by 
adenoviral transduction of the cells (see US 6,340,595). The cells are incubated with both 
labeled ligand (iodinated, tritiated, or fluorescent) and the unlabeled compound at various 
5 concentrations, ranging from 10 pM to 10 \xM (3 hours at 4°C: 25 mM HEPES, 140 mM 
NaCl, 1 mM CaCb, 5 mM MgCl 2 and 0.2% BSA, adjusted to pH 7.4). Reactions mixtures 
are aspirated onto PEI-treated GF/B glass filters using a cell harvester (Packard). The 
filters are washed twice with ice cold wash buffer (25 mM HEPES, 500 mM NaCl, 1 mM 
CaCl 2 , 5 mM MgCfe, adjusted to pH 7.4). ScintiUant (MicroScint-10; 35 yd) is added to 
10 dried filters and the filters counted in a (Packard Topcount) scintillation counter. Data are 
analyzed and plotted using Prism software (GraphPad Software, San Diego, Calif.). 
Competition curves are analyzed and IC50 values calculated. If one or more data points do 
not fall within the sigmoidal range of the competition curve or close to the sigmoidal range 
the assay is repeated and concentrations of labeled ligand and unlabeled compound 
1 5 adapted to have more data points close to or in die sigmoidal range of the curve. 

Example 14 G. Receptor Ligand Binding Studies On Membrane 
Preparations 

Membranes preparations are isolated from mammalian cells (Hek293, CHO, 
COS7) cells over expressing the receptor is done as follows: Medium is aspirated from the 

20 transduced cells^and cells are harvested in 1 x PBS by gentle scraping. Cells are pelleted 
(2500 rpm 5 min) and resuspended in 50 mM Tris pH 7.4 (10 x 10 6 cells/ml). The cell 
pellet is homogenized by sonicating 3 x 5 sec (UP50H; sonotrode MSI; max amplitude: 
140 |im; max Sonic Power Thickness: 125W/cm 2 ). Membrane fractions are prepared by 
centrifuging 20 min at maximal speed (13,000 rpm -15,000 to 20,000g or rcf). The 

25 resulting pellet is resuspended in 500 |il 50 mM Tris pH 7.4 and sonicated again for 3 x 5 
sec. The membrane fraction is isolated by centrifiigation and finally resuspended in PBS. 
Binding competition and derivation of IC50 values are determined as described above. 
Example 14 H. Internalization screen (I) 
Activation of a GPCR-associated signal transduction pathway commonly leads to 

30 translocation of specific signal transduction molecules from the cytoplasm to the plasma 
membrane or from the cytoplasm to the nucleus. Norak has developed their transfluor 
assay based on agonist-induced translocation of receptor-P-arrestin-GFP complex from the 
cytosol to the plasma membrane and subsequent internalization of this complex, which 
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occurs during receptor desensitization. A similar assay uses GFP tagged receptor instead 
of p-arrestin. Hek293 cells are transduced with a GPCR of Table 1 vector that translates 
for a GPCR of Table 1-eGFP fusion protein. 48 hours after transduction, the cells are set 
to fresh serum-free medium for 60 minutes and treated with a ligand for 15, 30, 60 or 120 
5 minutes at 37°C and 5% C0 2 . After indicated exposure times, cells are washed with PBS 
and fixed with 5% paraformaldehyde for 20 minutes at RT. GFP fluorescence is visualized 
with a Zeiss microscope with a digital camera This method aims for the identification of 
compounds that induce translocation of the arrestin fusion protein to die plasma 
membrane. 

10 Example 14 1. Internalization screen (2) 

Various variations on translocation assays exists using p-arrestin and (3- 
galactosidase enzyme complementation and BRET based assays with receptor as energy 
donor and P-arrestin as energy acceptor. Also Hie use of specific receptor antibodies 
labeled with pH sensitive dyes are used to detect agonist induced receptor translocation to 

15 acidic lysosomes. All of the translocation assays are used for screening for agonistic 
acting ligands. 

Example 14 J, Melanophore assay f Arena Pharmaceutical) 
The melanophore assay is based on the ability of GPCRs to alter the distribution of 
melanin containing melanosomes in Xenopus melanophores. The distribution of the 
20 melanosomes depends on the exogenous receptor that i& either Gy 0 or Gg/ q coupled. The 
distribution of the melanosomes (dispersed or aggregated) is easily detected by measuring 
light absorption. This type of assay is used for both agonist as well as antagonist 
compound screens. 

25 
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SEQUENCE LISTING 



<SEQ ID NO: 1; DNA; Homo sapiena> 
5 TTTGCAGGTGCCTCAGGAACCCTGAAGCTGGGCTGAGCCATGATGCTGCTGCCAGAACCC 
CTGCAGAGGGCCTGGTTTCAGGAGACTCAGAGTCCTCTGTGAAAAAGCCCTTGGAGAGCG 
CCCCAGCAGGGCTGCACTTGGCTCCTGTGAGGAAGGGGCTCAGGGGTCTGGGCCCCTCCG 
CCTGGGCCGGGCTGGGAGCCAGGCGGGCGGCTGGGCTGCAGCAATGGACCGTGAGCTGGC 
CCAGCCCGCGTCCGTGCTGAGCCTGCCTGTCGTCTGTGGCCATGCCCATCATGGGCTCCT 

10 CGGTGTACATCACGGTGGAGCTGGCCATTGCTGTGCTGGCCATCCTGGGCAATGTGCTGG 
TGTGCTGGGCCGTGTGGCTCAACAGCAACCTGCAGAACGTCACCAACTACTTTGTGGTGT 
CACTGGCGGCGGCCGACATCGCAGTGGGTGTGCTCGCCATCCCCTTTGCCATCACCATCA 
GCACCGGGTTCTGCGCTGCCTGCCACGGCTGCCTCTTCATTGCCTGCTTCGTCCTGGTCC 
TCACGCAGAGCTCCATCTTCAGTCTCCTGGCCATCGCCATTGACCGCTACATTGCCATCC 

15 GCATCCCGCTCCGGTACAATGGCTTGGTGACCGGCACGAGGGCTAAGGGCATCATTGCCA 
TCTGCTGGGTGCTGTCGTTTGCCATCGGCCTGACTCCCATGCTAGGTTGGAACAACTGCG 
GTCAGCCAAAGGAGGGCAAGAACCACTCCCAGGGCTGCGGGGAGGGCCAAGTGGCCTGTC 
TCTTTGAGGATGTGGTCCCCATGAACTACATGGTGTACTTCAACTTCTTTGCCTGTGTGC 
TGGTGCCCCTGCTGCTCATGCTGGGTGTCTATTTGCGGATCTTCCTGGCGGCGCGACGAC 

20 AGCTGAAGCAGATGGAGAGCCAGCCTCTGCCGGGGGAGCGGGCACGGTCCACACTGCAGA 
AGGAGGTCCATGCTGCCAAGTCACTGGCCATCATTGTGGGGCTCTTTGCCCTCTGCTGGC 
TGCCCCTACACATCATCAACTGCTTCACTTTCTTCTGCCCCGACTGCAGCCACGCCCCTC 
TCTGGCTCATGTACCTGGCCATCGTCCTCTCCCACACCAATTCGGTTGTGAATCCCTTCA 
TCTACGCCTACCGTATCCGCGAGTTCCGCCAGACCTTCCGCAAGATCATTCGCAGCCACG 

25 TCCTGAGGCAGCAAGAACCTTTCAAGGCAGCTGGCACCAGTGCCCGGGTCTTGGCAGCTC 
ATGGCAGTGACGGAGAGCAGGTCAGCCTCCGTCTCAACGGCCACCCGCCAGGAGTGTGGG 
CCAACGGCAGTGCTCCCCACCCTGAGCGGAGGCCCAATGGCTATGCCCTGGGGCTGGTGA 
GTGGAGGGAGTGCCCAAGAGTCCCAGGGGAACACGGGCCTCCCAGACGTGGAGCTCCTTA 
GCCATGAGCTCAAGGGAGTGTGCCCAGAGCCCCCTGGCCTAGATGACCCCCTGGCCCAGG 

30 ATGGAGCAGGAGTGTCCTGATGATTCATGGAGTTTGCCCCTTCCTAAGGGAAGGAGATCT 
TTATCTTTCTGGTTGGCTTGACCAGTCACGTTGGGAGAAGAGAGAGAGTGCCAGGAGACC 
CTGAGGGCAGCCGGTTCCTACTTTGGACTGAGAGAAGGGAGCCCCAGGCTGGAGCAGCAT 
GAGGCCCAGCAAGAAGGGCTTGGGTTCTGAGGAAGCAGATGTTTCATGCTGTGAGGCCTT 
GCACCAGGTGGGGGCCACAGCACCAGCAGCATCTTTGCTGGGCAGGCCCAGCCCTCCACT 

35 GCAGAAGCATCTGGAAGCACCACCTTGTCTCCACAGAGCAGCTTGGGCACAGCAGACTGG 
CCTGGCCCTGAGACTGGGGAGTGGCTCCAATAGCCTCCTGCCACCCA^ACACCACTCTCC 
CTAGACTCTCCTAGGGTTCAGGAGCTGCTGGGCCCAGAGGTGACATTTGACTTTTTTCCA 
GGAAAT^ATGTAAGTGTGAGGAAACCCTTTTTATTTTATTACCTTTCACTCTCTGGCTGCT 
GGGTCTGCCGTCGGTCCTGCTGCTAACCTGGCACCAGAGCCTCTGCCCGGGGAGCCTCAG 

40 GCAGTCCTCTCCTGCTGTCACAGCTGCCATCCACTTCTCAGTCCCAGGGCCATCTCTTGG 
AGTGACAAAGCTGGGATCAAGGATAGGGAGTTGTAACAGAGCAGTGCCAGAGCATGGGCC 
CAGGTCCCAGGGGAGAGGTTGGGGCTGGCAGGCCACTGGCATGTGCTGAGTAGCGCAGAG 
CTACCCAGTGAGAGGCCTTGTCTAACTGCCTTTCCTTCTAAAGGGAATGTTTTTTTCTGA 
GATAAAATAAAAACGAGCCACATCGTGTTTTAAGCTTGTCCAAATGAAAAAAAAAAAAAA 

45 AAA 

<SEQ ID NO: 2; DNA; Homo sapiens> 

CAGTGCCTTGGTAATGACCAGGGCTCCAGAAAGAGATGTCCTTGTGGCTGGGGGCCCCTG 
TGCCTGACATTCCTCCTGACTCTGCGGTGGAGCTGTGGAAGCCAGGCGCACAGGATGCAA 
GCAGCCAGGCCCAGGGAGGCAGCAGCTGCATCCTCAGAGAGGAAGCCAGGATGCCCCACT 

50 CTGCTGGGGGTACTGCAGGGGTGGGGCTGGAGGCTGCAGAGCCCACAGCCCTGCTCACCA 
GGGCAGAGCCCCCTTCAGAACCCACAGAGATCCGTCCACAAAAGCGGAAAAAGGGGCCAG 
CCCCCAAAATGCTGGGGAACGAGCTATGCAGCGTGTGTGGGGACAAGGCCTCGGGCTTCC 
ACTACAATGTTCTGAGCTGCGAGGGCTGCAAGGGATTCTTCCGCCGCAGCGTCATCAAGG 
GAGCGCACTACATCTGCCACAGTGGCGGCCACTGCCCCATGGACACCTACATGCGTCGCA 

55 AGTGCCAGGAGTGTCGGCTTCGCAAATGCCGTCAGGCTGGCATGCGGGAGGAGTGTGTCC 
TGTCAGAAGAACAGATCCGCCTGAAGAAACTGAAGCGGCAAGAGGAGGAACAGGCTCATG 
CCACATCCTTGCCCCCCAGGCGTTCCTCACCCCCCCAAATCCTGCCCCAGCTCAGCCCGG 
AACAACTGGGCATGATCGAGAAGCTCGTCGCTGCCCAGCAACAGTGTAACCGGCGCTCCT 
TTTCTGACCGGCTTCGAGTCACGCCTTGGCCCATGGCACCAGATCCCCATAGCCGGGAGG 

60 CCCGTCAGCAGCGCTTTGCCCACTTCACTGAGCTGGCCATCGTCTCTGTGCAGGAGATAG 
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TTGACTTTGCTAAACAGCTACCCGGCTTCCTGCAGCTCAGCCGGGAGGACCAGATTGCCC 
TGCTGAAGACCTCTGCGATCGAGGTGATGCTTCTGGAGACATCTCGGAGGTACAACCCTG 
GGAGTGAGAGTATCACCTTCCTCAAGGATTTCAGTTATAACCGGGAAGACTTTGCCAAAG 
CAGGGCTGCAAGTGGAATTCATCAACCCCATCTTCGAGTTCTCGAGGGCCATGAATGAGC 
5 TGCAACTCAATGATGCCGAGTTTGCCTTGCTCATTGCTATCAGCATCTTCTCTGCAGACC 
GGCCCAACGTGCAGGACCAGCTCCAGGTGGAGAGGCTGCAGCACACATATGTGGAAGCCC 
TGCATGCCTACGTCTCCATCCACCATCCCCATGACCGACTGATGTTCCCACGGATGCTAA 
TGAAACTGGTGAGCCTCCGGACCCTGAGCAGCGTCCACTCAGAGCAAGTGTTTGCACTGC 
GTCTGCAGGACAAAAAGCTCCCACCGCTGCTCTCTGAGATCTGGGATGTGCACGAATGAC 
10 TGTTCTGTCCCCATATTTTCTGTTTTCTTGGCCGGATGGCTGAGGCCTGGTGGCTGCCTC 
CTAGAAGTGGAACAGACTGAGAAGGGCAAACATTCCTGGGAGCTGGGCAAGGAGATCCTC 
CCGTGGCATTAAAAGAGAGTCAAAGGGT 
<SEQ ID NO: 3; DNA; Homo sapiens> 

GAAACTGGATACATGGTTTACAGCAGGTCACTAATGTTGGAAAAAGTACAGAGTCCAGGG 

15 AAAGACTTGCTTGTAACTTTATGAATTCTGGATTTTTTTTCCTTTGCTTTTTCTTAACTT 
TCACTAAGGGTTACTGTAGTCTGATGTGTCCTTCCCAAGGCCACGAAATTTGACAAGCTG 
CACTTTTCTTTTGCTCAATGATTTCTGCTTTAAGCCAAAGAACTGCCTATAATTTCACTA 
AGAATGTCTTCTAATTCAGATACTGGGGATTTACAAGAGTCTTTAAAGCACGGACTTACA 
CCTATTGGTGCTGGGCTTCCGGACCGACACGGATCCCCCATCCCGCCCGCGGTCGCCTTG 

20 TCATGCTGCCCAAAGTGGAGACGGAAGCCCTGGGACTGGCTCGATCGCATGGGGAACAGG 
GCCAGATGCCGGAAAACATGCAAGTGTCTCAATTTAAAATGGTGAATTACTCCTATGATG 
AAGATCTGGAAGAGCTTTGTCCCGTGTGTGGAGATAAAGTGTCTGGGTACCATTATGGGC 
TCCTCACCTGTGAAAGCTGCAAGGGATTTTTTAAGCGAACAGTCCAAAATAATA3\AAGGT 
ACACATGTATAGAAAACCAGAACTGCCAAATTGACAAAACACAGAGAAAGCGTTGTCCTT 

25 ACTGTCGTTTTCAAAAATGTCTAAGTGTTGGAATGAAGCTAGAAGCTGTAAGGGCCGACC 
GAATGCGTGGAGGAAGGAATAAGTTTGGGCCAATGTACAAGAGAGACAGGGCCCTGAAGC 
AACAGAAAAAAGCCCTCATCCGAGCCAATGGACTTAAGCTAGAAGCCATGTCTCAGGTGA 
TCCAAGCTATGCCCTCTGACCTGACCATTTCCTCTGCAATTCAT^AACATCCACTCTGCCT 
CCAAAGGCCTACCTCTGAACCATGCTGCCTTGCCTCCTACAGACTATGACAGAAGTCCCT 

30 TTGTAACATCCCCCATTAGCATGACAATGCTGCACGGCAGCCTGCAAGGTTACCAAACAT 
ATGGCCACTTTCCTAGCCGGGCCATCAAGTCTGAGTACCCAGACCCCTATACCAGCTCAC 
CCGAGTCCATAATGGGCTATTCATATATGGATAGTTACCAGACGAGCTCTCCAGCAAGCA 
TCCCACATCTGATACTGGAACTTTTGAAGTGTGAGCCAGATGAGCCTCAAGTCCAGGCTA 
AAATCATGGCCTATTTGCAGCAAGAGCAGGCTAACCGAAGCAAGCACGAAAAGCTGAGCA 

35 CCTTTGGGCTTATGTGCAAAATGGCAGATCAAACTGTCTTCTCCATTGTCGAGTGGGCCA 

GGAGTAGTATCTTCTTCAGAGAAGTTAAGGTTGATGACCAAATGAAGCTGCTTCAGAACT . 
GCTGGAGTGAGCTCTTAATCCTCGACCACATTTACCGACAAGTGGTACATGGAAAGGAAG 
GATCCATCTTCCTGGTTACTGGGCAACAAGTGGACTATTCGATAATAGCATCACAAGCCG 
GAGCCACCCTCAACAACCTCATGAGTCATGCACAGGAGTTAGTGGCAAAACTTCGTTCTC 

40 TCCAGTTTGATCAACGAGAGTTCGTATGTCTGAAATTCTTGGTGCTCTTTAGTTTAGATG 
TCAAAAACCTTGAAAACTTCCAGCTGGTAGAAGGTGTCCAGGAACAAGTCAATGCCGCCC 
TGCTGGACTACACAATGTGTAACTACCCGCAGCAGACAGAGAAATTTGGACAGCTACTTC 
TTCGACTACCCGAAATCCGGGCCATCAGTATGCAGGCTGAAGAATACCTCTACTAC2^AGC 
ACCTGAATGGGGATGTGCCCTATAATAACCTTCTCATTGAAATGTTGCATGCCAAAAGAG 

45 CATAAGTTACAACCCCTAGGAGCTCTGCTTTCAAAACA2VAAAGAGATTGGGGGAGTGGGG 
AGGGGGAAGAAGAACAGGAAGAAAAAAAGTACTCTGAACTGCTCCAAGTAACGCTAATTA 
AAAACTTGCTTTAAAGATATTGAATTTAAAAAGGCATAATAATCAAATACTAATAGCAAA 
TAAATGATGTATCAGGGTATTTGTATTGCAAACTGTGAATCAAAGCTTCACAGCCCCAGA 
GGATTCCATATAAAAGACATTGTAATGGAGTGGATTGAACTCACAGATGGATACCAACAC 

50 GGTCAGAAGAAAAACGGACAGAACGGTTCTTGTATATTTAAACTGATCTCCACTATGAAG 
AAATTTAGGAACTAATCTTATTAATTAGGCTTATACAGCGGGGATTTGAGCTTACAGGAT 
TCCTCCATGGTAAAGCTGAACTGAAACAATTCTCAAGAATGCATCAGCTG 
<SEQ ID NO: 4; DNA; Homo sapiens> 

AAAAAGTACAGAGTCCAGGGAAAGACTTGCXTGTAACTTTATGAATTCTGGATTTTTTTT 
55 TTTCCTTTGCTTTTTCTTAACTTTCACTAAGGGTTACTGTAGTCTGATGTGTCCTTCCCA 
AGGCCACGA2VATTTGACAAGCTGCACTTTTCTTTTGCTCAATGATTTCTGCTTTAAGCCA 
AAGAACTGCCTATAATTTCACTAAGAATGTCTTCTAATTCAGATACTGGGGATTTACAAG 
AGTCTTTAAAGCACGGACTTACACCTATTGTGTCTCAATTTAAAATGGTGAATTACTCCT 
ATGATGAAGATCTGGAAGAGCTTTGTCCCGTGTGTGGAGATAAAGTGTCTGGGTACCATT 
60 ATGGGCTCCTCACCTGTGAAAGCTGCAAGGGATTTTTTAAGCGAACAGTCCAAAATAATA 
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AAAGGTACAOATGTATAGAAAAC(^GAA^ 

GTCCTTACTGTCGTTTTCAAAAATGTCTAAGTGTTGGAATGAAGCTAGAAGCTGTAAGGG 
CCGACCGAATGCGTGGAGGAAGGAATAAGTTTGGGCCAATGTACAAGAGAGACAGGGCCC 
TGAAGCAACAGAAAAAAGCCCTCATCCGAGCCAATGGACTTAAGCTAGAAGCCATGTCTC 
5 AGGTGATCCAAGCTATGCCCTCTGACCTGACCATTTCCTCTGCAATTCAAAACATCCACT 
CTGCCTCCAAAGGCCTACCTCTGAACCATGCTGCCTTGCCTCCTACAGACTATGACAGAA 
GTCCCTTTGTAACATCCCCCATTAGCATGACAATGCCCCCTCACGGCAGCCTGCAAGGTT 
ACCAAACATATGGCCACTTTCCTAGCCGGGCCATC2\AGTCTGAGTACCCAGACCCCTATA 
CCAGCTCACCCGAGTCCATAATGGGCTATTCATATATGGATAGTTACCAGACGAGCTCTC 

1 0 CAGCAAGCATCCCACATCTGATACTGGAACTTTTGAAGTGTGAGCCAGATGAGCCTCAAG 
TCCAGGCTAAAATCATGGCCTATTTGCAGCAAGAGCAGGCTAACCGAAGCAAGCACGAAA 
AGCTGAGCACCTTTGGGCTTATGTGCAAAATGGCAGATCAAACTCTCTTCTCCATTGTCG 
AGTGGGCCAGGAGTAGTATCTTCTTCAGAGAACTTAAGGTTGATGACCAAATGAAGCTGC 
TTCAGAACTGCTGGAGTGAGCTCTTAATCCXCGACCACATTTACCGACAAGTGGTACATG 

1 5 GAAAGGAAGGATCCATCTTCCTGGTTACTGGGCAACAAGTGGACTATTCC ATAATAGCAT 
CACAAGCCGGAGCCACCCTCAACAACCTCATGAGTCATGCACAGGAGTTAGTGGCAAAAC 
TTCGTTCTCTCCAGTTTGATCAACGAGAGTTCGTATGTCTGAAATTCTTGGTGCTCTTTA 
GTTTAGATGTCAAAAACCTTGAi^AACTTCCAGCTGGTAGAAGGTGTCCAGGAACAAGTCA 
ATGCCGCCCTGCTGGACTACACAATGTGTAACTACCCGCAGCAGACAGAGAAATTTGGAC 

20 AGCTACTTCTTCGACTACCCGAAATCCGGGCCATCAGTATGCAGGCTGAAGAATACCTCT 
ACTACAAGCACCTGAACGGGGATGTGCCCTATAATAACCTTCTCATTGAAATGTTGCATG 
CCAAAAGAGCATAAGTTACAACCCCTAGGAGCTCTGCTTTCAAAACAAAAAGAGATTGGG 
GGAGTGGGGAGGGGGAAGAAGAACAGGAAGAAAftAAAGTACTCTGAACTGCTCCAAGTAA 
CGCTAATTAAAAACTTGCTTTAAAGATATTGAATTTAAAAAGGCATAATAATCAAATACT 

25 TAATAGCAAATAAATGATGTATCAGGGTATTTGTATTGCAAACTGTGAATCAAAGGCTTC 
ACAGCCCCAGAGGATTCCATATAAAAGACATTGTAATGGAGTGGATTGAACTCACAGATG 
GATACCAACACGGTCAGAAGAAAAACGGACAGAACGGTTCTTGTATATTTAAACTGATCT 
CCACTATGAAGAAATTTAGGAACTAATCTTATTAATTAGGCTTATACAGCGGGGGATTTG 
AGCTTACAGGATTCCTCCATGGTAAAGCTGAACTGAAACAATTCTCAAGAATGCATCAGC 

30 TGTACCTACAATAGCCCCTCCCTCTTCCTTTGAAGGCCCCAGCACCTCTGCCCTGTGGTC 
ACCGAATCTGTACTAAGGACCTGTGTTCAGCCACACCCAGTGGTAGCTCCACCA2VATCAT 
GAACAGCCTAATTTTGAGTGTCTGTGTCTTAGACCTGCAAACAGCTAATAGGAAATTCTA 
TTAATATGTTAGCTTGCCATTTTAAATATGTTCTGAGGGTTGTTTTGTCTCGTGTTCATG 
ATGTTAAGAT^AATGCAGGCAGTATCCCTCATCTTATGTAAGTGTGAATTAATATTAAGGG 

35 AAATGACTAC^UUVCTTTCAAAGCAAATGCTCCATAGCTAAAGCAACTTAGACCTTATTTC 
TGCTACTGTTGCTGAAATGTGGCKTTGGCATTGTTGGATTTCATAAAAAATTTCTGGCAG 
GAAGTCTTGTTAGTATACATCAGTCTTTTTCATCATCCAAGTTTGTAGTTCATTTAAAAA 
TACAACATTAAACACATTTTGCTAGGATGTCAAATAGTCACAGTTCTAAGTAGTTGGAAA 
CAAAATTGACGCATGTTAATCTATGCAAAGAGAAAGGAAAGGATGAGGTGATGTATTGAC 

40 TCAAGGTTCATTCTTGCTGCAATTGAACATCCTCAAGAGTTGGGATGGAAATGGTGATTT 
TTACATGTGrCCTGGAAAGATATTAAAGTAATTCAAATCTTCCCCAAAGGGGAAAGGAAG 
AGAGTGATACTGACCTTTTTAAGTCATAGACCAAAGTCTGCTGTAGAACAAATATGGGAG 
GACAAAGAATCGCAAATTCTTCAAATGACTATTATCAGTATTATTAACATGCGATGCCAC 
AGGTATGAAAGTCTTGCCTTATTTCACAATTTTAAAAGGTAGCTGTGCAGATGTGGATCA 

45 ACATTTGTTTAAAATAAAGTATTAATACTTTAAAGTCAAATAAGATATAGTGTTTACATT 
CTTTAGGTCCTGAGGGGCAGGGGGATCTGTGATATAACAAAATAGCAAAAGCGGTAATTT 
CCTTAATGTTATTTTXCTGATTGGTAATTATTTTTAACAGTACTTAATTATTCTATGTCG 
TGAGACACTAAAATCAAAAACGGGAATCTCATTTAGACTTTAATTTTTTTGAGATTATCG 
GCGGCACAATCACTTTGTAGAAACTGTAAAAAATAAAAGTATCTCCTAGTCCCTTAATTT 

50 TTTCATAAATATTTCTGGCTTTTGAGTAGTGTATTTATATTGTATATCATACTTTCAACT 
GTAGACAATTATGATGCTAATTTATTGTTTCTTGGTTTCACCTTTGTATAAGATATAGCC 
AAGACTGAAGAAACCAAATATATGTGTTTACTGTAGCATGTCTTCAAATTAGTGGAACTT 
AGTTCAGGGACATAGAAGAGTCTTAATGAATTAAAATCATTCACTTGATTAAATGTCTGT 
AAATCTTCATCATTCCTACTGTAGTTTATTTAATATCTATTGTAAATTATGTGACTTGTA 

55 GCTTCCTCTGGTTTTCAAGTAAACTCAACAAGGTGGAGTCTTACCTGGTTTTCCTTTCCA 
AGCATTGTAAATTGTATACCAAAGATATTAGTTATTACTTCTGTGTGTACAAAGAGGATT 
ATTTTATTATGTTTATTAATCACCTCTAATACTCATCCACATGAAGGGTACACATTAGGT 
AAGCTGGGCGTTGACTCATGCGCAGTCTCAGTCACCCGTGTTATCTTCGTGGCTCAAAGG 
ACAATGCAAAATCGCCGATCAGAGCTCATACCCAAAGCATTACAGAGAACAGCAGCATCA 

60 TTGCCCTCCCCAGCTGAAAAACAAGTTGGCTAGAAGATACATGGAGAGGAATGGTGTGGT 
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CAACAGTTAATGAAACGGTTCTATCATGCATGTGTAATGTGGATGGAGACAATTATAAGA 
TTTGACTATAACTATTTGGAGGGTCTTTAACATTGCCAAAAAAACAAATATGTTGATTTT 
TATTTTATTTTATTTTTTATTTTAAGAGGCGGGATCTTGATCTCACATGTTGCCCAGGCT 
GGCCTTGAACTCCTGGGCTCAAGCATTCCTCCTGCCTCAGCCTCCCCCATAGCTGGGACT 
5 AGGGGTGCATGCCAGCATACCTGGCTACGTTGACTCTTAAAATCTATGTTCTCTTATTTT 
AAAGATACAGTGCTCCCCACTGAAAATTAAACCTAAAAAATGTCACATATTGGTATGTTG 
TTAACCTGGTAGATTAAATCATGAGAATGATTAGAAAGACGGGCAACACAGCGGGTTACA 
TCCACACTGCTGATCACACCAACGACAGGAGCTGATAAGCAAGAAAGCGTCACAGCCAGC 
GTCTGTTCACCCAAGGTTGACAAGTGAAGTTTCTCTAATGTTGATTGTTAGCCGATTTGT 

10 AACCTGGCATTTACTTAGCAACTGCCTTATCAATTACAGGATTTGCCGGTAAAAGCAGAC 
TC2\AATATAAAGGTTTTTGGCTTAACTTGGTTTATTATAGTTGCTCTATGTTTGTAAACA 
GACAATCTCTAATGTCTGATTATTTGTATCACAGATCTGCAGCTGCCTTGGACTTGAATC 
CATGCAATGTTTAGAGTGTGAAGTCAGTTACTTGTTGATGTTTTCTTACTGTATCAATGA 
AATACATATTGTCATGTCAGTTCTTGCCAGGAACTTCTCAACAAAATGGAATTTTTTTTT 

1 5 TCAGTATTTCAATAAATATTGATATGCCCAGCCTGATAATTTTTAAAAAAAAAAAA 
<SEQ ID NO: 5; DNA; Homo sapiens> 

AAAAAGTACAGAGTCCAGGGAAAGACTTGCTTGTAACTTTATGAATTCTGGATTTTTTTT 
TTTCCTTTGCTTTTTCTTAACTTTCACTAAGGGTTACTGTAGTCTGATGTGTCCTTCCCA 
AGGCCACGAAATTTGACAAGCTGCACTTTTCTTTTGCTCAATGATTTCTGCTTTAAGCCA 

20 AAGAACTGCCTATAATTTCACTAAGAATGTCTTCTAATTCAGATACTGGGGATTTACAAG 
AGTCTTTAAAGCACGGACTTACACCTATTGGTGCTGGGCTTCCGGACCGACACGGATCCC 
CCATCCCCGCCCGCGGTCGCCTTGTCATGCTGCCCAAAGTGGAGACGGAAGCCCTGGGAC 
TGGCTCGATCGCATGGGGAACAGGGCCAGATGCCGGAAAACATGCAAGTGTCTCAATTTA 
AAATGGTGAATTACTCCTATGATGAAGATCTGGAAGAGCTTTGTCCCGTGTGTGGAGATA 

25 AAGTGTCTGGGTACCATTATGGGCTCCTCACCTGTGAAAGCTGCAAGGGATTTTTTAAGC 
GAACAGTCCAAAATAATAAAAGGTACACATGTATAGAAAACCAGAACTGCCAAATTGACA 
AAACACAGAGAAAGCGTTGTCCTTACTGTCGTTTTCAAAAATGTCTAAGTGTTGGAATGA 
AGCTAGAAGCTGTAAGGGCCGACCGAATGCGTGGAGGAAGGAATAAGTTTGGGCCAATGT 
ACAAGAGAGACAGGGCCCTGAAGCAACAGAAAAAAGCCCTCATCCGAGCCAATGGACTTA 

30 AGCTAGAAGCCATGTCTCAGGTGATCCAAGCTATGCCCTCTGACCTGACCATTTCCTCTG 
CAATTCAAAACATCCACTCTGCCTCCAAAGGCCTACCTCTGAACCATGCTGCCTTGCCTC 
CTACAGACTATGACAGAAGTCCCTTTGTAACATCCCCCATTAGCATGACAATGCCCCCTC 
ACGGCAGCCTGCAAGGTTACCAAACATATGGCCACTTTCCTAGCCGGGCCATCAAGTCTG 
AGTACCCAGACCCCTATACCAGCTCACCCGAGTCCATAATGGGCTATTCATATATGGATA 

35 GTTACCAGACGAGCTCTCCAGCAAGCATCCCACATCTGATACTGGAACTTTTGAAGTGTG 
AGCCAGATGAGCCTCAAGTCCAGGGTAAAATCATGGCCTATTTGCAGCAAGAGCAGGCTA 
ACCGAAGCAAGCACGA2\AAGCTGAGCACCTTTGGGCTTATGTGCAAAATGGCAGATCAAA 
CTCTCTTCTCCATTGTCGAGTGGGCCAGGAGTAGTATCTTCTTCAGAGAACTTAAGGTTG 
ATGACCAAATGAAGCTGCTTCAGAACTGCTGGAGTGAGCTCTTAATCCTCGACCACATTT 

40 ACCGACAAGTGGTACATGGAAAGGAAGGATCCATCTTCCTGGTTACTGGGCAACAAGTGG 
ACTATTCCATAATAGCATCACAAGCCGGAGCCACCCTCAACAACCTCATGAGTCATGCAC 
AGGAGTTAGTGGCAAAACTTCGTTCTCTCCAGTTTGATCAACGAGAGTTCGTATGTCTGA 
AATTCTTGGTGCTCTTTAGTTTAGATGTCAAAAACCXTGAAAACTTCCAGCTGGTAGAAG 
GTGTCCAGGAACAAGTCAATGCCGCCCTGCTGGACTACACAATGTGTAACTACCCGCAGC 

45 AGACAGAGAAATTTGGACAGCTACTTCTTCGACTACCCGAAATCCGGGCCATCAGTATGC 
AGGCTGAAGAATACCTCTACTACAAGCACCTGAACGGGGATGTGCCCTATAATAACCTTC 
TCATTGAAATGTTGCATGCCAAAAGAGCATAAGTTACAACCCCTAGGAGCTCTGCTTTCA 
AAACAAAAAGAGATTGGGGGAGTGGGGAGGGGGAAGAAGAACAGGAAGAAA7VAAAGTACT 
CTGAACTGCTCCAAGTAACGCTAATTAAAAACTTGCTTTAAAGATATTGAATTTAAAAAG 

50 GCATAATAATCAAATACTTAATAGCAAATAAATGATGTATCAGGGTATTTGTATTGCAAA 
CTGTGAATCAAAGGCTTCACAGCCCCAGAGGATTCCATATAAAAGACATTGTAATGGAGT 
GGATTGAACTCACAGATGGATACCAACACGGTCAGAAGAAAAACGGACAGAACGGTTCTT 
GTATATTTAAACTGATCTCCACTATGAAGAAATTTAGGAACTAATCTTATTAATTAGGCT 
TATACAGCGGGGGATTTGAGCTTACAGGATTCCTCCATGGTAAAGCTGAACTGAAACAAT 

55 TCTCAAGAATGCATCAGCTGTACCTACAATAGCCCCTCCCTCTTCCTTTGAAGGCCCCAG 
CACCTCTGCCCTGTGGTCACCGAATCTGTACTAAGGACCTGTGTTCAGCCACACCCAGTG 
GTAGCTCCACCAAATCATGAACAGCCTAATTTTGAGTGTCTGTGTCTTAGACCTGCAAAC 
AGCTAATAGGAAATTCTATTAATATGTTAGCTTGCCATTTTAAATATGTTCTGAGGGTTG 
TTTTGTCTCGTGTTCATGATGTTAAGAAAATGCAGGCAGTATCCCTCATCTTATGTAAGT 

60 GTGAATTAATATTAAGGGAAAXGACTACAAACTTTCAAAGCAAATGCTCCATAGCTAAAG 
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CAACTTAGACCTTATTTCTGCTACTGTTGCTQAAATGTGGCTTTGGCATTGTTGGATTTC 
ATAAAAAATTTCTGGCAGGAAGTCTTGTTAGTATACATCAGTCTTTTTCATCATCCAAGT 
TTGTAGTTCATTTAAAAATACAACATTAAACACATTTTGCTAGGATGTCAAATAGTCACA 
GTTCTAAGTAGTTGGAAACAAAATTGACGCATGTTAATCTATGCAAAGAGAAAGGAAAGG 
5 ATGAGGTGATGTATTGACTCAAGGTTCATTCTTGCTGCAATTGAACATCCTCAAGAGTTG 
GGATGGAAATGGTGATTTTTACATGTGTCCTGGAAAGATATTAAAGTAATTCAAATCTTC 
CCCAAAGGGGAAAGGAAGAGAGTGATACTGACCTTTTTAAGTCATAGACCAAAGTCTGCT 
GTAGAACAAATATGGGAGGACAAAG7VATCGCAAATTCTTCAAATGACTATTATCAGTATT 
ATTAACATGCGATGCCACAGGTATGAAAGTCTTGCCTTATTTCACAATTTTAAAAGGTAG 

10 CTGTGCAGATGTGGATCAACATTTGTTTAAAATAAAGTATTAATACTTTAAAGTCAAATA 
AGATATAGTGTTTACATTCTTTAGGTCCTGAGGGGCAGGGGGATCTGTGATATAACAAAA 
TAGGAT^AAGCGGTAATTTCCTTAATGTTATTTTTCTGATTGGTAATTATTTTTAACAGTA 
CTTAATTATTCTATGTCGTGAGACACTAAAATCAAAAACGGGAATCTCATTTAGACTTTA 
ATTTTTTTGAGATTATCGGCGGCACAATCACTTTGTAGAAACTGTAAAAAATAAAAGTAT 

1 5 CTCCTAGTCCCTTAATTTTTTCATAAATATTTCTGGCTTTTGAGTAGTGTATTTATATTG 
TATATCATACTTTCAACTGTAGACAATTATGATGCTAATTTATTGTTTCTTGGTTTCACC 
TTTGTATAAGATATAGCCAAGACTGAAGAAACCAAATATATGTGTTTACTGTAGCATGTC 
TTCAAATTAGTGGAACTTAGTTCAGGGACATAGAAGAGTCTTAATGAATTAAAATCATTC 
ACTTGATTAAATGTCTGTAAATCTTCATCATTCCTACTGTAGTTTATTTAATATCTATTG 

20 TAAATTATGTGACTTGTAGCTTCCTCTGGTTTTCAAGTAAACTCAACAAGGTGGAGTCTT 
ACCTGGTTTTCCTTTCCAAGCATTGTAAATTGTATACCAAAGATATTAGTTATTACTTCT 
GTGTGTACAAAGAGGATTATTTTATTATGTTTATTAATCACCTCTAATACTCATCCACAT 
G2VAGGGTACACATTAGGTAAGCTGGGCGTTGACTCATGCGCAGTCTCAGTCACCCGTGTT 
ATCTTCGTGGCTCAAAGGACAATGCAAAATCGCCGATCAGAGCTCATACCCAAAGCATTA 

25 CAGAGAACAGCAGCATCATTGCCCTCCCCAGCTGAAAAACAAGTTGGCTAGAAGATACAT 
GGAGAGGAATGGTGTGGTCAACAGTTAATGAAACGGTTCTATCATGCATGTGTAATGTGG 
ATGGAGACAATTATAAGATTTGACTATAACTATTTGGAGGGTCTTTAACATTGCCAAAAA 
AACAAATATGTTGATTTTTATTTTATTTTATTTTTTATTTTAAGAGGCGGGATCTTGATC 
TCACATGTTGCCCAGGCTGGCCTTGAACTCCTGGGCTCAAGCATTCCTCCTGCCTCAGCC 

30 TCCCCCATAGCTGGGACTAGGGGTGCATGCCAGCATACCTGGCTACGTTGACTCTTAAAA 
TCTATGTTCTCTTATTTTAAAGATACAGTGCTCCCCACTGAAAATTAAACCTAAAAAATG 
TCACATATTGGTATGTTGTTAACCTGGTAGATTAAATCATGAGAATGATTAGAAAGACGG 
GCAACACAGCGGGTTACATCCACACTGCTGATCACACCAACGACAGGAGCTGATAAGCAA 
GAAAGCGTCACAGCCAGCGTCTGTTCACCCAAGGTTGACAAGTGAAGTTTCTCTAATGTT 

3 5 GATTGTTAGCCGATTTGTAACCTGGCATTTACTTAGCAACTGCCTTATCAATTACAGGAT 
A.TTGCCGGTAAAAGCAGACTCAAATATAAAGGTTTTTGGCTTAACTTGGTTTATXATAGTT 
GCTCTATGTTTGTAAACAGACAATCTCTAATGTCTGATTATTTGTATCACAGATCTGCAG 
CTGCCTTGGACTTGAATCCATGCAATGTTTAGAGTGTGAAGTCAGTTACTTGTTGATGTT 
TTCTTACTGTATCAATGAAATACATATTGTCATGTCAGTTCTTGCCAGGAACTTCTCAAC 

40 AAAATGGAATTTTTTTTTTCAGTATTTCAATAAATATTGATATGCCCAGCCTGATAATTT 
TTAAAAAAAAAAAA 

<SEQ ID NO: 6; DHA; Homo sapiens> 

ATGAATGAATCCAGGTGGACTGAATGGAGGATCCTGAACATGAGCAGTGGCATTGTGAAT 
GCGTCCGAGCGTCACTCCTGCCCACTTGGATTTGGCCACTACAGTGTGGTGGATGTCTGC 

45 ATCTTCGAGACAGTGGTTATTGTGTTGCTGACATTTCTGATTATTGCTGGGAATCTAACA 
GTTATCTTTGCCTTTCATTGTGCTCCACTGTTACATCATTATACTACCAGCTATTTCATT 
CAGACGATGGCATATGCTGATCTTTTCGTTGGAGTTAGCTGCTTGGTTCCTACTCTGTCA 
CTTCTCCACTACTCCACAGGTGTCCACGAGTCATTAACTTGCCGGGTTTTTGGATATATC 
ATCTCAGTTCTAAAAAGTGTTTCTATGGCATGTCTTGCTTGCATCAGTGTGGATCGTTAT 

50 CTTGCAATAACCAAGCCTCTTTCCTACAATCAACTGGTCACCCCTTGTCGCTTGAGAATT 
TGCATTATTTTGATCTGGATCTACTCCTGCCTAATTTTCTTGCCTTCCTTTTTTGGCTGG 
GGGAAACCTGGTTACCATGGTGACATTTTTGAATGGTGTGCCACGTCTTGGCTCACCAGT 
GCCTATTTTACTGGCTTTATTGTTTGCTTACTTTATGCTCCTGCTGCCTTTGTTGTCTGC 
TTCACCTACTTCCACATTTTCAAAATTTGCCGTCAGCACACCAAAGAGATAAATGACCGA 

55 AGAGCCCGATTCCCTAGTCATGAGGTAGATTCTTCCAGAGAGACTGGACACAGCCCTGAC 
CGTCGCTACGCCATGGTTTTGTTTAGGATAACCAGTGTATTTTATATGCTGTGGCTCCCC 
TATATAATTTACTTTCTTCTAGAAAGCTCCCGGGTCTTGGACAATCCAACTCTGTCCTTC 
TTAACAACCTGGCTTGCAGTAAGTAATAGTTTTTGTAACTGTGTAATATACAGCCTCTCC 
AACGGCGTTTTCCGGCTAGGCCTCCGAAGACTGTTTGAGACAATGTGCACATCCTGTATG 

60 TGTGTGAAGGATCAGGAAGCACAAGAACCCAAACCTAGGAAACGGGCTAATTCTTGCTCC 
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ATTTGA 

<SEQ ID NO: 7; DNA; Homo sapiens> 

GGCCTTATCTTTCCAGTCGTCCAGCATGCTCTGCCCACCCCACGCCGAGGTGCACTGACC 
ATGAGCCTCAACTCCTCCCTCAGCTGCAGGAAGGAGCTGAGTAATCTCACTGAGGAGGAG 
5 GGTGGCGAAGGGGGCGTCATCATCACCCAGTTCATCGCCATCATTGTCATCACCATTTTT 
GTCTGCCTGGGAAACCTGGTCATCGTGGTCACCTTGTACAAGAAGTCCTACCTCCTCACC 
CTCAGCAACAAGTTCGTCTTCAGCCTGACTCTGTCCAACTTCCTGCTGTCCGTGTTGGTG 
CTGCCTTTTGTGGTGACGAGCTCCATCCGCAGGGAATGGATCTTTGGTGTAGTGTGGTGC 
AACTTCTCTGCCCTCCTCTACCTGCTGATCAGCTCTGCCAGCATGCTAACCCTCGGGGTC 

10 ATTGCCATCGACCGCTACTATGCTGTCCTGTACCCCATGGTGTACCCCATGAAGATCACA 
GGGAACCGGGCTGTGATGGCACTTGTCTACATCTGGCTTCACTCGCTCATCGGCTGCCTG 
CCACCCCTGTTTGGTTGGTCATCCGTGGAGTTTGACGAGTTCAAATGGATGTGTGTGGCT 
GCTTGGCACCGGGAGCCTGGCTACACGGCCTTCTGGCAGATCTGGTGTGCCCTCTTCCCC 
TTTCTGGTCATGCTGGTGTGCTATGGCTTCATCTTCCGCGTGGCCAGGGTCAAGGCACGC 

15 AAGGTGCACTGTGGCACAGTCGTCATCGTGGAGGAGGATGCTCAGAGGACCGGGAGGAAG 
AACTCCAGCACCTCCACCTCCTCTTCAGGCAGCAGGAGGAATGCCTTTCAGGGTGTGGTC 
TACTCGGCCAACCAGTGCAAAGCCCTCATCACCATCCTGGTGGTCCTCGGTGCCTTCATG 
GTCACCTGGGGCCCCTACATGGTTGTCATCGCCTCTGAGGCCCTCTGGGGGAAAAGCTCC 
GTCTCCCCGAGCCTGGAGACTTGGGCCACATGGCTGTCCTTTGCCAGCGCTGTCTGCCAC 

20 CCCCTGATCTATGGACTCTGGAACAAGACAGTTCGCAAAGAACTACTGGGCATGTGCTTT 
GGGGACCGGTATTATCGGGAACCATTTGTGCAACGACAGAGGACTTCCAGGCTCTTCAGC 
ATTTCCAACAGGATCACAGACCTGGGCCTGTCCCCACACCTCACTGCGCTCATGGCAGGT 
GGACAGCCCCTGGGGCACAGCAGCAGCACGGGGGACACTGGCTTCAGCTGCTCCCAGGAC 
TCAGGTAACCTGCGTGCTTTATAAGCCTCTCACCTGTCGCGTTTTCCCTGTGTTGCGTTT 

25 CCCCCGTGTCGCGTTTCCCCTGTGCAGGCTCAAGAGCTGGCGGAGGGGCATTTCCCACGG 
TG 

<SEQ ID NO: 8; DNA; Homo sapiens> 

GTAGGTGCGTGCCCGGGACTCTGCCGATGCGGGCCGCGCCCCCTGGGGCCAAGAGACTCC 
ACGTCCCGCTCAGGGCAAAGGGTGTGGGGAGAAGCGGTCACGCCCCTCGGCTGGAATCCG 

30 TGAGGACCAGGTCTTTTTCAGTGTGCTCAATATGGTCACCAAGCCTGGAAACATAGAGTC 
TCACCCTGTTGCTTAGGCAGATGGCGCGATCTCGGCTCCTGGGTTCAAGCAATTCTCCTG 
CCTCAGCCTCCTGAATAGCCGGGATTACAGTCGTCCAGCATGCTCTGCCCACCCCACGCC 
GAGGTGCACTGACCATGAGCCTCAACTCCTCCCTCAGCTGCAGGAAGGAGCTGAGTAATC 
TCACTGAGGAGGAGGGTGGCGAAGGGGGCGTCATCATCACCCAGTTCATCGCCATCATTG 

35 TCATCACCATTTTTGTCTGCCTGGGAAACCTGGTCATCGTGGTCACCTTGTACAAGAAGT 
i> CCTACCTCCTCACCCTCAGCAACAAGTTCGTCTTCAGCCTGACTCTGICCCAACTTCCTGC 
TGTCCGTGTTGGTGCTGCCTTTTGTGGTGACGAGCTCCATCCGCAGGGAATGGATCTTTG 
GTGTAGTGTGGTGCAACTTCTCTGCCCTCCTCTACCTGCTGATCAGCTCTGCCAGCATGC 
TAACCCTCGGGGTCATTGCCATCGACCGCTACTATGCTGTCCTGTACCCCATGGTGTACC 

40 CCATGAAGATCACAGGGAACCGGGCTGTGATGGCACTTGTCTACATCTGGCTTCACTCGC 
TCATCGGCTGCCTGCCACCCCTGTTTGGTTGGTCATCCGTGGAGTTTGACGAGTTCAAAT 
GGATGTGTGTGGCTGCTTGGCACCGGGAGCCTGGCTACACGGCCTTCTGGCAGATCTGGT 
GTGCCCTCTTCCCCTTTCTGGTCATGCTGGTGTGCTATGGCTTCATCTTCCGCGTGGCCA 
GGGTCAAGGCACGCAAGGTGCACTGTGGCACAGTCGTCATCGTGGAGGAGGATGCTCAGA 

45 GGACCGGGAGGAAGAACTCCAGCACCTCCACCTCCTCTTCAGGCAGCAGGAGGAATGCCT 
TTCAGGGTGTGGTCTACTCGGCCAACCAGTGCA2UVGCCCTCATCACCATCCTGGTGGTCC 
TCGGTGCCTTCATGGTCACCTGGGGCCCCTACATGGTTGTCATCGCCTCTGAGGCCCTCT 
GGGGGAAAAGCTCCGTCTCCCCGAGCCTGGAGACTTGGGCCACATGGCTGTCCTTTGCCA 
GCGCTGTCTGCCACCCCCTGATCTATGGACTCTGGAACAAGACAGTTCGCAAAGAACTAC 

50 TGGGCATGTGCTTTGGGGACCGGTATTATCGGGAACCATTTGTGCAACGACAGAGGACTT 
CCAGGCTCTTCAGCATTTCCAACAGGATCACAGACCTGGGCCTGTCCCCACACCTCACTG 
CGCTCATGGCAGGTGGACAGCCCCTGGGGCACAGCAGCAGCACGGGGGACACTGGCTTCA 
GCTGCTCCCAGGACTCAGGGACAGATATGATGCTGCTTGAGGACTACACGTCTGATGACA 
ACCCTCCCTCTCACTGCACTTGCCCACCCAAGAGAAGGAGCTCGGTGACATTTGAGGATG 

55 AAGTGGAACAAATCAAAGAAGCTGCCAAGAACTCGATTCTTCXATGTGAAAGCTGAAGTAC 
ACAAGTCCTTGGACAGTTACGCAGCAAGCTTGGCCAAAGCCATTGAGGCCGAAGCCAAAA 
TCAACTTATTTGGGGAGGAGGCTTTGCCAGGGGTCTTGGTTACAGCACGGACTGTCCCGG 
GGGGCGGCTTCGGGGGCCGCCGAGGCAGCAGAACTCTTGTGAGCCAGAGGCTGCAGTTGC 
AGAGCATCGAAGAAGGAGATGTXTTAGCTGCCGAGCAGAGATGAGGGCCTCAGGGTGCCG 

60 TGGGGCTGCAGCCTGAGAGGCTGGCCCGGGGAGGAGTTCCCATCACCGCCTGTGCCGCGG 
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CCTTGGGAGCATGTCACTGTGTACAGCTGGCCACACACAGGGAAGGAGCAGCATCTGGTA 
TGCAGCCACCAGGACAAGGACTGAAAATAATGTCTACAGTCCACAGCTTCAGCATTTCCA 
GAGACCACATGTGAGCTTCTTTTAGGTCCCAGTGATGGGACCAGAAGCATCTAAAGCAAA 
AAAAAAACCAAAAAAAAATCTAGAGATGTGGCTGTGGCTTTTTGGGAGGTGGGGCATGGG 
5 AGGACCAGAGACGAAGGGCTTGGAAGGAGACCCCCACATGCATCATTTCCTCCTCTTCAC 
AGTGTGCTGGGAGTCCAGCCGTGCACTGTGCCAGATGCCTCAGGAGGAGAACCCTCCCCA 
GTGTACTGTGAAGGATGACACAGCACTTCTTCCTAATGACACGCGACCGTCCTGGTGCCT 
CTACATGGTTGATGCGGGCAGTGTGGGACCCTCAGTTCTAGGACTGGTCCGCAGAGAAAG 
CACCCAGGAGCAGAGCGCTTCGGAGCGGTCCTCAGTGGCGCCACCTGCTGGTGCTAATAG 

10 GGACAGCCACAGGCCTCTTGCAGACTGGCCCACCCTGCCTACTTCCCTACTGACAAGTTC 
TTTGGTATTTCAAAAGGGAGAAACCACTATAAAAGACAAGAGGAAGGGCAGGTACTAGGT 
GTTTCATTTCCAGAATTAAAAAA2UVAATCCATTTAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
<SEQ ID NO: 9; DNA; Homo sapiens> 

15 GATGACTGCTCCCTGGCCTTTTGGTTCCGAGGGAGTGCAGGGCAGCAGTGTGAAGACCTG 
TTTACGTCCACTCCCCACTCCCCGGGGCTGGCTTCGGGACGAATTCACTGTGGTATTAAC 
AGAGCCCGGGACAGAGCCTGGCAGAAGGCAGATGGATGCTCGTGCCCGTCGGCTGGATGA 
ATGAAAGTCGTCCAGCATGCTCTGCCCACCCCACGCCGAGGTGCACTGACCATGAGCCTC 
AACTCCTCCCTCAGCTGCAGGAAGGAGCTGAGTAATCTCACTGAGGAGGAGGGTGGCGAA 

20 GGGGGCGTCATCATC^CCCAGTTCATCGCC^TCATTGTCATCACCATTTTTGTCTGCCTG 
GGAAACCTGGTCATCGTGGTCACCTTGTACAAGAAGTCCTACCTCCTCACCCTCAGCAAC 
AAGTTCGTCTTCAGCCTGACTCTGTCCAACTTCCTGCTGTCCGTGTTGGTGCTGCCTTTT 
GTGGTGACGAGCTCCATCCGCAGGGAATGGATCTTTGGTGTAGTGTGGTGCAACTTCTCT 
GCCCTCCTCTACCTGCTGATCAGCTCTGCCAGCATGCTAACCCTCGGGGTCATTGCCATC 

25 GACCGCTACTATGCTGTCCTGTACCCCATGGTGTACCCCATGAAGATCACAGGGAACCGG 
GCTGTGATGGCACTTGTCTACATCTGGCTTCACTCGCTCATCGGCTGCCTGCCACCCCTG 
TTTGGTTGGTCATCCGTGGAGTTTGACGAGTTCAAATGGATGTGTGTGGCTGCTTGGCAC 
CGGGAGCCTGGCTACACGGCCTTCTGGCAGATCTGGTGTGCCCTCTTCCCCTTTCTGGTC 
ATGCTGGTGTGCTATGGCTTCATCTTCCGCGTGGCCAGGGTCAAGGCACGCAAGGGGCAC 

30 TGTGGCACAGTCGTCATCGTGGAGGAGGATGCTCAGAGGACCGGGAGGAAGAACTCCAGC 
ACCTCCACCTCCTCTTCAGGCAGCAGGAGGAATGCCTTTCAGGGTGTGGTCTACTCGGCC 
AACCAGTGCAAAGCCCTCATCACCATCCTGGTGGTCCTCGGTGCCTTCATGGTCACCTGG 
GGCCCCTACATGGTTGTCATCGCCTCTGAGGCCCTCTGGGGGAAAAGCTCCGTCTCCCCG 
AGCCTGGAGACTTGGGCCACATGGCTGTCCTTTGCCAGCGCTGTCTGCCACCCCCTGATC 

35 TATGGACTCTGGAACAAGACAGTTCGCAAAGAACTACTGGGCATGTGCTTTGGGGACCGG 
«. TATTATCGGGAACCATTTGTGCAACGACAGAGGACTTCCAGGCTCTTCAGCATTTCCAAC 
AGGATCACAGACCTGGGCCTGTCCCCACACCTCACTGCGCTCATGGCAGGTGGACAGCCC 
CTGGGGCACAGCAGCAGCACGGGGGACACTGGCTTCAGCTGCTCCCAGGACTCAGGGACA 
GATATGATGCTGCTTGAGGACTACACGTCTGATGACAACCCTCCCTCTCACTGCACTTGC 

40 CCACCCAAGAGAAGGAGCTCGGTGACATTTGAGGATGAAGTGGAACAAATCAAAGAAGCT 
GCCAAGAACTCGATTCTTCATGTGAAAGCTGAAGTACACAAGTCCTTGGACAGTTACGCA 
GCAAGCTTGGCCAl^AGCCATTGAGGCCGAAGCCAAAATCAACTTATTTGGGGAGGAGGCT 
TTGCCAGGGGTCTTGGTTACAGCACGGACTGTCCCGGGGGGCGGCTTCGGGGGCCGCCGA 
GGCAGCAGAACTCTTGTGAGCCAGAGGCTGCAGTTGCAGAGCATCGAAGAAGGAGATGTT 

45 TTAGCTGCCGAGCAGAGATGAGGGCCTCAGGGTGCCGTGGGGCTGCAGCCTGAGAGGCTG 
GCCCGGGGAGGAGTTCCCATCACCGCCTGTGCCGCGGCCTTGGGAGCATGTCACTGTGTA 
CAGCTGGCCACAGACAGGGAAGGAGCAGCATCTGGTATGCAGCCACCAGGACAAGGACTG 
AAAATAATGTCTACAGTCCACAGCTTCAGCATTTCCAGAGACCACATGTGAGCTTCTTTT 
AGGTCCCAGTGATGGGACCAGAAGCATCTAAAGCCAAAAAAAAACCAAAAAAAAAAAAAA 

50 AAAAAAAGGGGGGGCGGCGGAAAGGGGGGCCCGTACACGCGGGGAATTAAATACGGGACG 
GGAACAGGGAGGGAGAACAAGGGAATTCGAGAACGAGGTTATGAGAGCGCGGGACCACAG 
GGGGGGCCCGGTCACCATTGGCCCAAAGGGAGGGCAGAATAGGCGGCGAAGGTGGCGGCG 
TTACACACAGGCGGGACTG 
<SEQ ID NO: 10; DNA; Homo sapiens> 

55 TTCTTGACTTGATGCAGGCACAGATTTATCAAGCTCCTCAGTCAACAAACACATCACCGG 
AAGAAACATGGAAGGAAAGGAATTTTAAAAGGAAATACCAATCTCTGTGCAAACA2VAGCC 
TTGTATATTCATGTTXGCACCAATCTACTGTGAGATTTATGAAGAAAAACAAATTGCGGA 
CAACTCTCTATGTACACTTACAAATGCCTCAGTTGATGCTTGTGGGCTGTTTGTCAGCGT 
TCTGTGATAATGAACACATGGACTTCTGTTTATTAAATTCAGTTGACCCCTTTAGCCAAT 

60 TGCCAGGAGCCTGGATTTTTACTTCCAACTGCTGATATCTGTGTAAAAATTGATCTACAT 
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CCACCCTTTAAAAGCATTGATGAATTAATTAGAACTTTAG^ 

AAGAATTCTCAGTAAAAGCGAATTCGATGTTCA2UVACAAACTACAAAGAGACAAGACTTC 
TCTGTTTACTTTCTAAGAACTAATATAATTGCTACCTTAAAAAGGAAAAAATGAACAGCA 
CATGTATTGAAGAACAGCATGACCTGGATCACTATTTGTTTCCCATTGTTTACATCTTTG 
5 TGATTATAGTCAGCATTCCAGCCAATATTGGATCTCTGTGTGTGTCTTTCCTGCAAGCAA 
AGAAGGAAAGTGAACTAGGAATTTACCTCTTCAGTTTGTCACTATCAGATTTACTCTATG 
CATTAACTCTCCCTTTATGGATTGATTATACTTGGZVATAAAGACAACTGGACTTTCTCTC 
CTGCCTTGTGCAAAGGGAGTGCTTTTCTCATGTACATGAATTTTTACAGCAGCACAGCAT 
TCCTCACCTGCATTGCCGTTGATCGGTATTTGGCTGTTGTCTACCCTTTGAAGTTTTTTT 

1 0 TCCTAAGGACAAGAAGATTTGCACTCATGGTCAGCCTGTCCATCTGGATATTGGAAACCA 
TCTTCAATGCTGTCATGTTGTGGGAAGATGAAACAGTTGTTGAATATTGCGATGCCGAAA 
AGTCTAATTTTACTTTATGCTATGACAAATACCCTTTAGAGAAATGGCAAATCAACCTCA 
ACTTGTTCAGGACGTGTACAGGCTATGCAATACCTTTGGTCACCATCCTGATCTGCAACC 
GGAAAGTCTACCAAGCTGTGCGGCACAATAAAGCCACGGAAAACAAGGAAAAGAAGAGAA 

15 TCATAAAACTACTTGTCAGCATCACAGTTACTTTTGTCTTATGCTTTACTCCCTTTCATG 
TGATGTTGCTGATTCGCTGCATTTTAGAGCATGCTGTGAACTTCGAAGACCACAGCAATT 
CTGGGAAGCGAACTTACACAATGTATAGAATCACGGTTGCATTAACAAGTTTAAATTGTG 
TTGCTGATCCAATTCTGTACTGTTTTGTAACCGAAACAGGAAGATATGATATGTGGAATA 
TATTAAAATTCTGCACTGGGAGGTGTAATACATCACAAAGACAAAGAAAACGCATACTTT 

20 CTGTGTCTACAAAAGATACTATGGAATTAGAGGTCCTTGAGTAGAACCAAGGATGTTTTG 
AAGGGAAGGGAAGTTTAAGTTATGCATTATTATATCATCAAGATTACATTTTGAAAAGGA 
AATCTAGCATGTGAGGGGACTAAGTGTTCTCAGAGTGATGTTTTAATCCAGTCCAATAAA 
AATATCTTAAAACTGCATTGTACAGCTCCCTCCCTGCGTTTTATTAAATGATGTATATTA 
AAC AAAG AT CAAT AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

25 <SEQ ID NO: 11; DNA; Homo sapiens> 

AATCGGGGCTTTAAGTCCTTGATTAGGAGAGTGTGAGAGCTTTGGTCCCAACTGGCTGTG 
CCTATAGGCTTGTCACTAGGAGAACATTTGTGTTAATTGCACTGTGCTCTGTCAAGGAAA 
CTTTGATTTATAGCTGGGGTGCACAT^ATAATGGTTGCCGGTCGCACATGGATTCGGTAGA 
ACTTTGCCTTCCTGAATCTTTTTCCCTGCACTACGAGGAAGAGCTTCTCTGCAGAATGTC 

30 AAACAAAGATCGAeACATTGATTCCAGCTGTTCGTCCTTCATCAAGACGGAACCTTCCAG 
CCCAGCCTCCCTGACGGACAGCGTCAACCACCACAGCCCTGGTGGCTCTTCAGACGCCAG 
TGGGAGCTACAGTTCAACCATGAATGGCCATCAGAACGGACTTGACTCGCCACCTCTCTA 
CCCTTCTGCTCCTATCCTGGGAGGTAGTGGGCCTGTCAGGAAACTGTATGATGACTGCTC 
CAGCACCATTGTTGAAGATCCCCAGACCAAGTGTGAATACATGCTCAACTCGATGCCCAA 

35 GAGACTGTGTTTAGTGTGTGGTGACATCGCTTCTGGGTACCACTATGGGGTAGCATCATG 
TGAAGCCTGCAAGGCATTCTTCAAGAGGACAATTCAAGGCAATATAGAATACAGCTGCCC 
TGCCACGAATGAATGTGAAATCACAAAGCGCAGACGTAAATCCTGCCAGGCTTGCCGCTT 
CATGAAGTGTTTAAAAGTGGGCATGCTGAAAGAAGGGGTGCGTCTTGACAGAGTACGTGG 
AGGTCGGCAGAAGTACAAGCGCAGGATAGATGCGGAGAACAGCCCATACCTGAACCCTCA 

40 GCTGGTTCAGCCAGCCAAAAAGCCATATAACAAGATTGTCTCACATTTGTTGGTGGCTGA 
ACCGGAGAAGATCXATGCCATGCCTGACCCXACTGTCCCCGACAGTGACATCAAAGCCCT 
CACTACACTGTGTGACTTGGCCGACCGAGAGTTGGTGGTTATCATTGGATGGGCGAAGCA 
TATTCCAGGCTTCTCCACGCTGTCCCTGGCGGACCAGATGAGCCTTCTGCAGAGTGCTTG 
GATGGAAATTTTGATCCTTGGTGTCGTATACCGGTCTCTTTCGTTTGAGGATGAACTTGT 

45 CTATGCAGACGATTATATAATGGACGAAGACCAGTCCAAATTAGCAGGCCTTCTTGATCT 
AAATAATGCTATCCTGCAGCTGGTAAAGAAATACAAGAGCATGAAGCTGGAAAAAGAAGA 
ATTTGTCACCCTCAAAGCTATAGCTCTTGCTAATTCAGACTCCATGCACATAGAAGATGT 
TGAAGCCGTTCAGAAGCTTCAGGATGTCTTACATGAAGCGCTGCAGGATTATGAAGCTGG 
CCAGCACATGGAAGACCCTCGTCGAGCTGGCAAGATGCTGATGACACTGCCACTCCTGAG 

50 GCAGACCTCTACCAAGGCCGTGCAGCATTTCTACAACATCAAACTAGAAGGCAAAGTCCC 
AATGCACAAACTTTTTTTGGAAATGTTGGAGGCCAAGGTCTGACTAAAAGCTCCCTGGGC 
CTTCCCATCCTTCATGTTGAAAAAGGGAAAATAAACCCAAGAGTGATGTCGAAGAAACTT 
AGAGTTTAGTTAACAACATCAAAAATCAACAGACTGCACTGATAATTTAGCAGCAAGACT 
ATGAAGCAGCTTTCAGATTCCTCCATAGGTTCCTGATGAGTTTCTTTCTACTTTCTCCAT 

55 CATCTTCTTTCCTCTTTCTTCCCACATTTCTCTTTCTCTTTATTTTTTCTCCTTTTCTTC 
TTTCACCTCCCTTATTTCTTTGCTTCTTTCATTCCTAGTTCCCATTCTCCTTTATTTTCT 
TCCCGTCTGCCTGCCTTCTTTCTTTTCTTTACCTACTCTCATTCCTCTCTTTTCTCATCC 
TTCCCCTTTTTTCTAAATTTGAAATAGCTTTAGTTTAZ^AAAAAAATCCTCCCTTCCCCCT 
TTCCTTTCCCTTTCTTTCCTTTTTCCCTTTCCTTTTCCCTTTCCTTTCCTTTCCTCTTGA 

60 CCTTCTTTCCATCTTTCTTTTTCTTCCTTCTGCTGCTGAACTTTTAAAAGAGGTCTCTAA 
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CTGAAGAGAGATGGAAGCCAGCCCTGCCAAAGGATGGAGATCCATAATATGGATGCCAGT 
GAACTTATTGTGAACCATACTGTCCCCAATGACTAAGGAATCAAAGAGAGAGAACCAACG 
TTCCTAAAAGTACAGTGCAACATATACAAATTGACTGAGTGCAGTATTAGATTTCATGGG 
AGCAGCCTCTAATTAGACAACTTAAGCAACGTTGCATCGGCTGCTTCTTATCATTGCTTT 
5 TCCATCTAGATCAGTTACAGCCATTTGATTCCTTAATTGTTTTTTCAAGTCTTCCAGGTA 
TTTGTTAGTTTAGCTACTATGTAACTTTTTCAGGGAATAGTTTAAGCTTTATTCATTCAT 
GCAATACTAAAGAGAAATAAGAATACTGCAATTTTGTGCTGGCTTTGAACAATTACGAAC 
AATAATGAAGGACAAATGAATCCTGAAGGAAGATTTTTAAAAATGTTTTGTTTCTTCTTA 
CAAATGGAGATTTTTTTGTACCAGCTTTACCACTTTTCAGCCATTTATTAATATGGGAAT 

1 0 TTAACTTACTCAAGCAATAGTTGAAGGGAAGGTGCATATTATCACGGATGCAATTTATGT 
TGTGTGCCAGTCTGGTCCCAAACATCAATTTCTTAACATGAGCTCCAGTTTACCTAAATG 
TTCACTGACACAAAGGATGAGATTACACCTACAGTGACTCTGAGTAGTCACATATATAAG 
CACTGCACATGAGATATAGATCCGTAGi^ATTGTCAGGAGTGCACCTCTCTACTTGGGAGG 
TACAATTGCCATATGATTTCTAGCTGCCATGGTGGTTAGGAATGTGATACTGCCTGTTTG 

1 5 CAAAGTCACAGACCTTGCCTCAGAAGGAGCTGTGAGCCAGTATTCATTTAAGAGGCAATA 
AGGCAAATGCCAGAATTAAAAAAAAA2VATCATCAAAGACAGAAAATGCCTGACCAAATTC 
TAAAACCTAATCCATATAAGTTTATTCATTTAGGAATGTTCGTTTAAATTAATCTGCAGT 
TTTTACCAAGAGCTAAGCCAATATATGTGCTTTTCAACCAGTATTGTCACAGCATGAAAG 
TCAAGTCAGGTTCCAGACTGTTAAGAGGTGTAATCTAATGAAGAAATCAATTAGATGCCC 

20 CGAAATCTACAGTCGCTGAATAACCAATAAACAGTAACCTCCATCAAATGCTATACCAAT 
GGACCAGTGTTAGTAGCTGCTCCCTGTATTATGTGAACAGTCTTATTCTATGTACACAGA 
TGTAATTAAAATTGTAATCCTAACAAACAAAAGAAATGTAGTTCAGCTTTTCAATGTTTC 
ATGTTTGCTGTGCTTTTCTGAATTTTATGTTGCATTCAAAGACTGTTGTCTTGTTCTTGT 
GGTGTTTGGATTCTTGTGGTGTGTGCTTTTAGACACAGGGTAGAATTAGAGACAATATTG 

25 GATGTACAATTCCTCAGGAGACTACAGTAGTATATTCTATTCCTTACCAGTAATAAGGTT 
CTTCCTAATAATAATTAAGAGATTGAAACTCCAAACAAGTATTCATTATGAACAGATACA 
CATCAAAATCATAATAATATTTTCAAAACAAGGAATAATTTCTCTAATGGTTTATTATAG 
AATACCAATGTATAGCTTAGAAATAAAACTTTGAATATTTCAAGAATATAGATAAGTCTA 
ATTTTTAAATGCTGTATATATGGCTTTCACTCAATCATCTCTCAGATGTTGTTATTAACT 

3 0 CGCTCTGTGTTGTTGCAAAACTTTTTGGTGC AGATTCGTTTCCAAAACTATTGCTACTTT 
GTGTGCTTTAAACAAAATACCTTGGGTTGATGAAACATCAACCCAGTGCTAGGAATACTG 
TGTATCTATCATTAGCTATATGGGACTATATTGTAGATTGTGGTTTCTCAGTAGAGAAGT 
GACrGTAGTGTGATTCTAGATAAATCATCATTAGCAATTCATTCAGATGGTCAATAACTT 
GAAATTTATAGCTGTGATAGGAGTTCAGAAATTGGCACATCCCTTTAAAAATAACAACAG 

35 AAAATACAACTCCTGGGAAAAAAGGTGCTGATTCTATAAGATTATTTATATATGTAAGTG 
TTTAAAAAGATTATTTTCCAGAAAGTT33GTGCAGGGTTTAAGTTGCTACTATTCAACTAC 
ACTATATATAAATAAZ\ATATATACAATATATACATTGTTTTCACTGTATCACATTAAAGT 
ACTTGGGCTTCAGAAGTAAGAGCCAACCAACTGAAAACCTGAGATGGAGATATGTTCAAA 
GAATGAGATACAATTTTTTAGTTTTCAGTTT7y\GTAACTCTCAGCATTACAAAAGAGTAA 

40 GTATCTCACAAATAGGAAATAAAACTAAAACGTGGATTTAAAAAGAACTGCACGGGCTTT 
AGGGTAAATGCTCATCTTAAACCTCACTAGAGGGAAGTCTTCTCAAGTTTCAAGCAAGAC 
CATTTACTTAATGTGAAGTTTTGGAAAGTTATAAAGGTGTATGTTTTAGCCATATGATTT 
TAATTTTAATTTTGCTTCTTTTAGGTTCGTTCTTATTTAAAGCAATATGATTGTGTGACT 
CCTTGTAGTTACACTTGTGTTTCAATCAGATCAGATTGTTGTATTTATTCCACTATTTTG 

45 CATTTAAATGATAACATAAAAGATATAAAAAATTTAAAACTGCTATTTTTCTTATAGAAG 
AGAAAATGGGTGTTGGTGATTGTATTTTAATTATTTAAGCGTCTCTGTTTACCTGCCTAG 
GAAAACATTXTATGGCAGTCTTATGTGCAAAGATCGTAAAAGGACAAAAAATTTAAACTG 
CTTATAATAATCCAGGAGTTGCATTATAGCCAGTAGTAAAAATAATAATAATAATAATAA 
AACCATGTCTATAGCTGTAGATGGGCTTCACATCTGTAAAGCAATCAATTGTATATTTTT 

50 GTGATGTGTACCATACTGTGTGCTCCAGCAAATGTCCATTTGTGTAAATGTATTTATTTT 
ATATTGTATATATTGTTAAATGCAAAAAGGAGATATGATTCTGTAACTCCAATCAGTTCA 
GATGTGTAACTCAAATTATTATGCCTTTCAGGATGATGGTAGAGCAATATTAAACAAGCT 
TCCACTTTTGACTGCTAAAAAAAAAAAAAAAAA 
<SEQ ID NO: 12; DNA; Homo sapiens> 

55 GTGTAAGATGTGCAATGTTCCTGCATGGGGGTTTTGTAGACTTTCATAGCCAAAGAAACC 
GGCTTCGGCTTCTTTAAAATCCCCGACGACTCACCTGATTAACCTGCTGCAGTTCTGACC 
CTGCCAAGAGCTGACAATTTACTGGTTCATCAATGAAACAATATTAAATTATGAAGATGT 
AAGGAAAAT^ATCCTACGCTAACACTGTCGCAGTTTGAAAGCTTTAAAAAGTTGAAGTCTA 
TTGGAAACCTTCTTATAAGAAACCTTCCTAGTCAGAGAATTCAACTTTCTTCTTTTCTTC 

60 ATTCATGAAAATGCAGATCCACTGAGAAAGGGAATAAGGCTTCTCTGCAGAATGTCAAAC 
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AAAGATCGA(^CATTGATTCCAGCTGTTCGTCCTTCATCAAGACGGAACCTTCCAGCCCA 
GCCTCCCTGACGGACAGCGTCAACCACCACAGCCCTGGTGGCTCTTCAGACGCCAGTGGG 
AGCTACAGTTCAACCATGAATGGCCATCAGAACGGACTTGACTCGCCACCTCTCTACCCT 
TCTGCTCCTATCCTGGGAGGTAGTGGGCCTGTCAGG7VAACTGTATGATGACTGCTCCAGC 
5 ACCATTGTTGAAGATCCCCAGACCAAGTGTGAATACATGCTCAACTCGATGCCCAAGAGA 
CTGTGTTTAGTGTGTGGTGACATCGCTTCTGGGTACCACTATGGGGTAGCATCATGTGAA 
GCCTGCAAGGCATTCTTCAAGAGGACAATTCAAGGCAATATAGAATACAGCTGCCCTGCC 
ACGAATGAATGTGAAATCACAAAGCGCAGACGTAAATCCTGCCAGGCTTGCCGCTTCATG 
AAGTGTTTAAAAGTGGGCATGCTGAAAGAAGGGGTGCGTCTTGACAGAGTACGTGGAGGT 

1 0 CGGCAGAAGTACAAGCGCAGGATAGATGCGGAGAACAGCCCATACCTGAACCCTCAGCTG 
GTTCAGCCAGCCAAAAAGCCATATAACAAGATTGTCTCACATTTGTTGGTGGCTGAACCG 
GAGAAGATCTATGCCATGCCTGACCCTACTGTCCCCGACAGTGACATCAAAGCCCTCACT 
ACACTGTGTGACTTGGCCGACCGAGAGTTGGTGGTTATCATTGGATGGGCGAAGCATATT 
CCAGGCTTCTCCACGCTGTCCCTGGCGGACCAGATGAGCCTTCTGCAGAGTGCTTGGATG 

15 GAAATTTTGATCCTTGGTGTCGTATACCGGTCTCTTTCGTTTGAGGATGAACTTGTCTAT 
GCAGACGATTATATAATGGACGAAGACCAGTCCAAATTAGCAGGCCTTCTTGATCTAAAT 
AATGCTATCCTGCAGCTGGTAAAGAAATACAAGAGCATGAAGCTGGAAAAAGAAGAATTT 
GTCACCCTCAAAGCTATAGCTCTTGCTAATTCAGACTCCATGCACATAGAAGATGTTGAA 
GCCGTTCAGAAGCTTCAGGATGTCTTACATGAAGCGCTGCAGGATTATGAAGCTGGCCAG 

20 CACATGGAAGACCCTCGTCGAGCTGGCAAGATGCTGATGACACTGCCACTCCTGAGGCAG 
ACCTCTACCAAGGCCGTGCAGCATTTCTACAACATCAAACTAGAAGGCAAAGTCCCAATG 
CACAAACTTTTTTTGGAAATGTTGGAGGCCAAGGTCTGACTAAAAGCTCCCTGGGCCTTC 
CCATCCTTCATGTTGAAZVAAGGGAAAATAAACCCAAGAGTGATGTCGAAGAAACTTAGAG 
TTTAGTTAACAACATCAAAAATCAACAGACTGCACTGATAATTTAGCAGCAAGACTATGA 

25 AGCAGCTTTCAGATTCCTCCATAGGTTCCTGATGAGTTTCTTTCTACTTTCTCCATCATC 
TTCTTTCCTCTTTCTTCCCACATTTCTCTTTCTCTTTATTTTTTCTCCTTTTCTTCTTTC 
ACCTCCCTTATTTCTTTGCTTCTTTCATTCCTAGTTCCCATTCTCCTTTATTTTCTTCCC 
GTCTGCCTGCCTTCTTTCTTTTCTTTACCTACTCTCATTCCTCTCTTTTCTCATCCTTCC 
CCTTTTTTCTAAATTTGAAATAGCTTTAGTTTAAAAAAAAATCCTCCCTTCCCCCTTTCC 

30 TTTCCCTTTCTTTCCTTTTTCCCTTTCCTTTTCCCTTTCCTTTCCTTTCCTCTTGACCTT 
CTTTCCATCTTTCTTTTTCTTCCTTCTGCTGCTGAACTTTTA2^AAGAGGTCTCTAACTGA 
AGAGAGATGGAAGCCAGCCCTGCCAAAGGATGGAGATCCATAATATGGATGCCAGTGAAC 
TTATTGTGAACCATACTGTCCCCAATGACTAAGGAATCAAAGAGAGAGAACCAACGTTCC 
TAAAAGTACAGTGCAACATATACAAATTGACTGAGTGCAGTATTAGATTTCATGGGAGCA 

35 GCCTCTAATTAGACAACTTAAGCAACGTTGCATCGGCTGCTTCTTATCATTGCTTTTCCA 
TCTJAGATCAGTTACAGCCATTTGATTCCTTAATTGTTTTTTCAAGTCTTCCAGGTATTTG 
TTAGTTTAGCTACTATGTAACTTTTTCAGGGAATAGTTTAAGCTTTATTCATTCATGCAA 
TACTAAAGAGAAATAAGAATACTGCAATTTTGTGCTGGCTTTGAACAATTACGAACAATA 
ATGAAGGACAAATGAATCCTGAAGGAAGATTTTTAAAAATGTTTTGTTTCTTCTTACAAA 

40 TGGAGATTTTTTTGTACCAGCTTTACCACTTTTCAGCCATTTATTAATATGGGAATTTAA 
CTTACTCAAGCAATAGTTGAAGGGAAGGTGCATATTATCACGGATGCAATrTATGTTGTG 
TGCCAGTCTGGTCCCAAACATCAATTTCTTAACATGAGCTCCAGTTTACCTAAATGTTCA 
CTGACACAAAGGATGAGATTACACCTACAGTGACTCTGAGTAGTCACATATATAAGCACT 
GCACATGAGATATAGATCCGTAGAATTGTCAGGAGTGCACCTCTCTACTTGGGAGGTACA 

45 ATTGCCATATGATTTCTAGCTGCCATGGTGGTTAGGAATGTGATACTGCCTGTTTGCAAA 
GTCACAGACCTTGCCTCAGAAGGAGCTGTGAGCCAGTATTCATTTAAGAGGCAATAAGGC 
AAATGCCAGAATTAAAAAAAAAAATCATCAAAGACAGAAAATGCCTGACCAAATTCTAAA 
ACCTAATCCATATAAGTTTATTCATTTAGGAATGTTCGTTTAAATTAATCTGCAGTTTTT 
ACCAAGAGCTAAGCCAATATATGTGCTTTTCAACCAGTATTGTCACAGCATGAAAGTCAA 

50 GTCAGGTTCCAGACTGTTAAGAGGTGTAATCTAATGAAGAAATCAATTAGATGCCCCGAA 
ATCTACAGTCGCTGAATAACCAATAAACAGTAACCTCCATCAAATGCTATACCAATGGAC 
CAGTGTTAGTAGCTGCTCCCTGTATTATGTGAACAGTCTTATTCTATGTACACAGATGTA 
ATTAAAATTGTAATCCTAACAAACAAAAGAAATGTAGTTCAGCTTTTCAATGTTTCATGT 
TTGCTGTGCTTTTCTGAATTTTATGTTGCATTCAAAGACTGTTGTCTTGTTCTTGTGGTG 

55 TTTGGATTCTTGTGGTGTGTGCTTTTAGACACAGGGTAGAATTAGAGACAATATTGGATG 
TACAATTCCTCAGGAGACTACAGTAGTATATTCTATTCCTTACCAGTAATAAGGTTCTTC 
CTAATAATAATTAAGAGATTGAAACTCCAAACAAGTATTCATTATGAACAGATACACATC 
AAAATCATAATAATATTTTCAAAACAAGGAATAATTTCTCTAATGGTTTATTATAGAATA 
CCAATGTATAGCTTAGAAATAAAACTTTGAATATTTCAAGAATATAGATAAGTCTAATTT 

60 TTAAATGCTGTATATATGGCTTTCACTCAATCATCTCTCAGATGTTGTTATTAACTCGCT 
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CXGXGXTGTXGCAAAACTTTTXGGXGCAGAXXCGTTXCCAAAACXAXXGCTACXXXGXGT 
GCXXXAAACAAAATACCXXGGGXXGAXGAAACAXCAACCCAGXGCXAGGAATACXGTGTA 
TCXAXCAXXAGCTAXAXGGGACXATATXGXAGAXXGXGGTXTCTCAGTAGAGAAGTGACT 
GXAGXGXGATXCXAGATAAATCAXCATTAGCAAXXCATXCAGATGGXCAATAACXTGAAA 
5 XXXAXAGCTGXGAXAGGAGTTCAGAAATXGGCACATCCCXTXAAAAATAACAACAGAAAA 
TACAACXCCTGGGAAAAAAGGTGCTGATXCTATAAGATXATTXAXATAXGTAAGXGXTTA 
AAAAGATTATTTTCCAGAAAGTTTGTGCAGGGTTTAAGTTGCTACTATTCAACTACACTA 
XATAX AAAX AAAATAT ATACAAXAXATACAXX GT TTTC AC TGTATCAC ATTAAAGT ACTT 
GGGCTTCAGAAGTAAGAGCCAACCAACTGAAAACCTGAGATGGAGATATGTTCAAAGAAT 

10 GAGATACAATTTTTTAGTTTTCAGTTTAAGTAACTCTCAGCATTACAAAAGAGTAAGTAT 
CTCACAAATAGGAAATAAAACTAAAACGTGGATTTAAAAAGAACTGCACGGGCTTTAGGG 
TAAATGCTCATCTTAAACCTCACTAGAGGGAAGTCTTCTCAAGTTTCAAGCAAGACCATT 
TACTTAATGTGAAGTTTTGGAAAGTTATAAAGGTGTATGTTTTAGCCATATGATTTTAAT 
XTTAAXXXTGCTTCTXXXAGGTTCGTTCXXATTXAAAGCAAXATGATXGTGXGACXCCTT 

1 5 GTAGTTACACTTGTGTTTCAATCAGATCAGATTGTTGTATTTATTCCACTATTTTGCATT 
TAAAXGAXAACAXAAAAGATAXAAAAAATXXAAAACTGCXAXTXXXCTXAXAGAAGAGAA 
AATGGGTGTTGGTGATTGTATTTTAATTATTTAAGCGTCTCTGTTTACCTGCCTAGGAAA 
ACATTTTATGGCAGTCTTATGTGCAAAGATCGTAAAAGGACAAAAAATTTAAACTGCTTA 
TAATAATCCAGGAGTTGCATTATAGCCAGTAGTAAAAATAATAATAATAATAATAAAACC 

20 ATGTCTATAGCTGTAGATGGGCTTCACATCTGTAAAGCAATCAATTGTATATTTXTGTGA 
TGTGTACCATACTGTGTGCTCCAGCAAATGTCCATTTGTGTAAATGTATTTATTTTATAT 
TGTATATATTGTTAAATGCAAAAAGGAGATATGATTCTGTAACTCCAATCAGTTCAGATG 
TGTAACTCAAATTATTATGCCTTTCAGGATGATGGTAGAGCAATATTAAACAAGCTTCCA 
CTTTTGACTGCTAAAAAAAAAAAAAAAAA 

25 <SEQ ID NO: 13; DMA; Homo sapiens> 

GTGTAAGATGTGCAATGTTCCTGCATGGGGGTTTTGTAGACTTTCATAGCCAAAGAAACC 
GGCTTCGGCTTCTTTAAAATCCCCGACGACTCACCTGATTAACCTGCTGCAGTTCTGACC 
CTGCCAAGAGCTGACAATTTACTGGTTCATCAATGAAACAATATTAAATTATGAAGATGT 
AAGGAAAAAATCCTACGCTAACACTGTCGCAGTTTGAAAGGCTTCTCTGCAGAATGTCAA 

30 ACAAAGATCGACACATTGATTCCAGCTGTTCGTCCTTCATCAAGACGGAACCTTCCAGCC 
CAGCCTCCCTGACGGACAGCGTCAACCACCACAGCCCTGGTGGCTCTTCAGACGCCAGTG 
GGAGCTACAGTTCAACCATGAATGGCCATCAGAACGGACTTGACTCGCCACCTCTCTACC 
CXTCXGCTCCTAXCCTGGGAGGXAGXGGGCCXGXCAGGAAACTGTAXGAXGACTGCXCCA 
GCACCATTGTTGAAGATCCCCAGACCAAGTGTGAATACATGCTCAACTCGATGCCCAAGA 

35 GACXGXGXXXAGXGXGXGGTGACATCGCXXCXGGGXACCACXATGGGGXAGCAXCAXGXG 

AAGCCTGCAAGGCATTCTTCAAGAGGACAATTCAAGGCAATATAGAATACAGCTGCCCTG a*. 
CCACGAATGAATGTGAAATCACAAAGCGCAGACGTAAATCCTGCCAGGCTTGCCGCTTCA 
TGAAGTGTTTAAAAGTGGGCATGCTGAAAGAAGGGGTGCGTCTTGACAGAGTACGTGGAG 
GTCGGCAGAAGTACAAGCGCAGGATAGATGCGGAGAACAGCCCATACCTGAACCCTCAGC 

40 TGGTTCAGCCAGCCAAAAAGCCATATAACAAGATTGTCTCACATTTGTTGGTGGCTGAAC 
CGGAGAAGATCTATGCCATGCCTGACCCTACTGTCCCCGACAGTGACATCAAAGCCCTCA 
CXACACXGTGTGACXTGGCCGACCGAGAGXXGGXGGXXATCAXTGGAXGGGCGAAGCAXA 
TTCCAGGCTTCTCCACGCTGTCCCTGGCGGACCAGATGAGCCTTCTGCAGAGTGCTTGGA 
XGGAAAXXXTGATCCTXGGXGXCGTATACCGGXCTCTXXCGXXTGAGGATGAACXTGTCT 

45 ATGCAGACGATTATATAATGGACGAAGACCAGTCCAAATTAGCAGGCCTTCTTGATCTAA 
ATAATGCTATCCTGCAGCTGGTAAAGAAATACAAGAGCATGAAGCTGGAAAAAGAAGAAT 
TTGTCACCCTCAAAGCTATAGCTCTTGCTAATTCAGACTCCATGCACATAGAAGATGTTG 
AAGCCGXXCAGAAGCTXCAGGAXGXCTXACATGAAGCGCXGC^GGAXTAXGAAGCTGGCC 
AGCACATGGAAGACCCTCGTCGAGCTGGCAAGATGCTGATGACACTGCCACTCCTGAGGC 

50 AGACCTCTACCAAGGCCGTGCAGCATTTCTACAACATCAAACTAGAAGGCAAAGTCCCAA 
TGCACAAACTTTTTTTGGAAATGTTGGAGGCCAAGGTCTGACTAAAAGCTCCCTGGGCCT 
XCCCATCCXXCATGXTGAAAAAGGGAAAAXAAACCCAAGAGTGATGTCGAAGAAACXXAG 
AGXXXAGTXAACAACAXCAAAAAXCAACAGACXGCACXGATAATXXAGCAGCAAGACXAX 
GAAGCAGCTTTCAGATTCCTCCATAGGTTCCTGATGAGTTTCTTTCTACTTTCTCCATCA 

55 TCTTCTTTCCTCTTTCTTCCCACATTTCTCTTTCTCTTTATTTTTTCTCCTTTTCTTCTT 
TCACCTCCCTTATTTCTTTGCTTCTTTCATXCCTAGTTCCCATTCTCCTTTATTTTCTTC 
CCGTCTGCCTGCCTTCTTTCTTTTCTTTACCTACTCTCATTCCTCTCTTTTCTCATCCTT 
CCCCXXXTXXCXAAATTXGAAAXAGCXTXAGXXXAAAAAAAAAXCCXCCCXTCCCCCXXX 
CCXXTCCCXXXCXXXCCTTXXTCCCXXTCCXXXXCCCXXXCCXXXCCXXXCCXCXTGACC 

60 XTCXXXCCATCXXXCTXTXXCTTCCXTCXGCXGCTGAACTTTXAAAAGAGGXCTCTAACT 
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GAAGAGAGATGGAAGCCAGCCCTGCCiy^AGGATGGAGATCCATAATATGGATGCCAGTGA 
ACTTATTGTGAACCATACTGTCCCCAATGACTAAGGAATCAAAGAGAGAGAACCAACGTT 
CCTAAAAGTACAGTGCAACATATACAAATTGACTGAGTGCAGTATTAGATTTCATGGGAG 
CAGCCTCTAATTAGACAACTTAAGCAACGTTGCATCGGCTGCTTCTTATCATTGCTTTTC 

' 5 CATCTAGATCAGTTACAGCCATTTGATTCCTTAATTGTTTTTTCAAGTCTTCCAGGTATT 
TGTTAGTTTAGCTACTATGTAACTTTTTCAGGGAATAGTTTAAGCTTrATrCATTCATGC 
AATACTAAAGAGAAATAAGAATACTGCAATTTTGTGCTGGCTTTGAACAATTACGAACAA 
TAATGAAGGACAAATGAATCCTGAAGGAAGATTTTTAAAAATGTTTTGTTTCTTCTTACA 
AATGGAGATTTTTTTGTACCAGCTTTACCACTTTTCAGCCATTTATTAATATGGGAATTT 

1 0 AACTTACTCAAGCAATAGTTGAAGGGAAGGTGCATATTATCACGGATGCAATTTATGTTG 
TGTGCCAGTCTGGTCCCAAACATCAATTTCTTAACATGAGCTCCAGTTTACCTAAATGTT 
CACTGACACAAAGGATGAGATTACACCTACAGTGACTCTGAGTAGTCACATATATAAGCA 
CTGCACATGAGATATAGATCCGTAGAATTGTCAGGAGTGCACCTCTCTACTTGGGAGGTA 
CAATTGCCATATGATTTCTAGCTGCCATGGTGGTTAGGAATGTGATACTGCCTGTTTGCA 

1 5 AAGTCACAGACCTTGCCTCAGAAGGAGCTGTGAGCCAGTATTCATTTAAGAGGC AATAAG 
GCAAATGCCAGAATTAAAAAAAAAAATCATCAAAGACAGAAAATGCCTGACCAAATTCTA 
AAACCTAATCCATATAAGTTTATTCATTTAGGAATGTTCGTTTAAATTAATCTGCAGTTT 
TTACCAAGAGCTAAGCCAATATATGTGCTTTTCAACCAGTATTGTCACAGCATGAAAGTC 
AAGTCAGGTTCCAGACTGTTAAGAGGTGTAATCTAATGAAGAAATCAATTAGATGCCCCG 

20 AAATCTAC^GTCGCTGAATAACCAATAAACAGTAACCTCCATCAAATGCTATACCAATGG 
ACCAGTGTTAGTAGCTGCTCCCTGTATTATGTGAACAGTCTTATTCTATGTACACAGATG 
TAATTAAAATTGTAATCCTAACAAACAAAAGAAATGTAGTTCAGCTTTTCAATGTTTCAT 
GTTTGCTGTGCTTTTCTGAATTTTATGTTGCATTCAAAGACTGTTGTCTTGTTCTTGTGG 
TGTTTGGATTCTTGTGGTGTGTGCTTTTAGACACAGGGTAGAATTAGAGACAATATTGGA 

25 TGTACAATTCCTCAGGAGACTACAGTAGTATATTCTATTCCTTACCAGTAATAAGGTTCT 
TCCTAATAATAATTAAGAGATTGAAACTCCAAACAAGTATTCATTATGAACAGATACACA 
TCAAAATCATAATAATATTTTCAAAACAAGGAATAATTTCTCTAATGGTTTATTATAGAA 
TACCAATGTATAGCTTAGAAATAAAACTTTGAATATTTCAAGAATATAGATAAGTCTAAT 
TTTTAAATGCTGTATATATGGCTTTCACTCAATCATCTCTCAGATGTTGTTATTAACTCG 

30 CTCTGTGTTGTTGCAAAACTTTTTGGTGCAGATTCGTTTCCAAAACTATTGCTACTTTGT 
GTGCTTTAAACAAAATACCTTGGGTTGATGAAACATCAACCCAGTGCTAGGAATACTGTG 
TATCTATCATTAGCTATATGGGACTATATTGTAGATTGTGGTTTCTCAGTAGAGAAGTGA 
CTGTAGTGTGATTCTAGATAAATCATCATTAGCAATTCATTCAGATGGTCAATAACTTGA 
AATTTATAGCTGTGATAGGAGTTCAGAAATTGGCACATCCCTTTAAAAATAACAACAGAA 

3 5 AATACAACTCCTGGGAAAAAAGGTGCTGATTCTATAAGATTATTTATATATGTAAGTGTT 
TAAAAAGATT>ATTTTCCAGAAAGTTTGTGCAGGGTTTAAGTTGCTACTATTCAACTACAC 
TATATATAAATAAAATATATACAATATATACATTGTTTTCACTGTATCACATTAAAGTAC 
TTGGGCTTCAGAAGTAAGAGCCAACCAACTGAAAACCTGAGATGGAGATATGTTCAAAGA 
ATGAGATACAATTTTTTAGTTTTCAGTTTAAGTAACTCTCAGCATTACAAAAGAGTAAGT 

40 ATCTCACAAATAGGAAATAAAACTAAAACGTGGATTTAAAAAGAACTGCACGGGCTTTAG 
GGTAAATGCTCATCTTAAACCTCACTAGAGGGAAGTCTTCTCAAGTTTCAAGCAAGACCA 
TTTACTTAATGTGAAGTTTTGGAAAGTTATAAAGGTGTATGTTTTAGCCATATGATTTTA 
ATTTTAATTTTGCTTCTTTTAGGTTCGTTCTTATTTAAAGCAATATGATTGTGTGACTCC 
TTGTAGTTACACTTGTGTTTCAATCAGATCAGATTGTTGTATTTATTCCACTATTTTGCA 

45 TTTAAATGATAACATAAAAGATATAAAAAATTTAAAACTGCTATTTTTCTTATAGAAGAG 
AAAATGGGTGTTGGTGATTGTATTTTAATTATTTAAGCGTCTCTGTTTACCTGCCTAGGA 
AAACATTTTATGGCAGTCTTATGTGCAAAGATCGTAAAAGGACAAAAAATTTAAACTGCT 
TATAATAATCCAGGAGTTGCATTATAGCCAGTAGTAAAAATAATAATAATAATAATAAAA 
CCATGTCTATAGCTGTAGATGGGCTTCACATCTGTAAAGCAATCAATTGTATATTTTTGT 

50 GATGTGTACCATACTGTGTGCTCCAGCAAATGTCCATTTGTGTAAATGTATTTATTTTAT 
ATTGTATATATTGTTAAATGCAAAl^AGGAGATATGATTCTGTAACTCCAATCAGTTCAGA 
TGTGTAACTCAAATTATTATGCCTTTCAGGATGATGGTAGAGCAATATTAAACAAGCTTC 
CACTTTTGACTGCTAAAAAAAAAAAAAAAAA 
<SEQ ID NO: 14; DNA; Homo sapiens> 

55 ATGAATGAAGACCTGAAGGTCAATTTAAGCGGGCTGCCTCGGGATTATTTAGATGCCGCT 
GCTGCGGAGAACATCTCGGCTGCTGTCTCCTCCCGGGTTCCTGCCGTAGAGCCAGAGCCT 
GAGCTCGTAGTCAACCCCTGGGACATTGTCTTGTGTACCTCGGGAACCCTCATCTCCTGT 
GAAAATGCCATTGTGGTCCTTATCATCTTCCACAACCCCAGCCTGCGAGCACCCATGTTC 
CTGCTAATAGGCAGCCTGGCTCTTGCAGACCTGCTGGCCGGCATTGGACTCATCACCAAT 

60 TTTGTTTTTGCCTACCTGCTTCAGTCAGAAGCCACCAAGCTGGTCACGATCGGCCTCATT 
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GTCGCCTCTTTCTCTGCCTCTGTCTGCAGCTTGCTGGCTATCACTGTTGACCGCTACCTC 
TCACTGTACTACGCTCTGACGTACCATTCGGAGAGGACGGTCACGTTTACCTATGTCATG 
CTCGTCATGCTCTGGGGGACCTCCATCTGCCTGGGGCXGCTGCCCGTCATGGGCTGGAAC 
TGCCTCCGAGACGAGTCCACCTGCAGCGTGGTCAGACCGCTCACCAAGAACAACGCGGCC 
5 ATCCTCTCGGTGTCCTTCCTCTTCATGTTTGCGCTCATGCTTCAGCTCTACATCCAGATC 
TGTAAGATTGTGATGAGGCACGCCCATCAGATAGCCCTGCAGCACCACTTCCTGGCCACG 
TCGCACTATGTGACCACCCGGAAAGGGGTCTCCACCCTGGCTATCATCCTGGGGACGTTT 
GCTGCTTGCTGGATGCCTTTCACCCTCTATTCCTTGATAGCGGATTACACCTACCCCTCC 
ATCTATACCTACGCCACCCTCCTGCCCGCCACCTACAATTCCATCATCAACCCTGTCATA 
10 TATGCTTTCAGAAACCAAGAGATCCAGATVAGCGCTCTGTCTCATTTGCTGCGGCTGCATC 
CCGTCCAGTCTCGCCCAGAGAGCGCGCTCGCCCAGTGATGTGTAG 
<SEQ ID NO: 15; DNA; Homo sapiens> 

ATGAATTCCTCATTTCACCTGCATTTCTTGGATCTCAACCTGAATGCCACAGAGGGCAAC 
CTTTCAGGACCCAATGTCAAAAACAAGTCTTCACCATGTGAAGACATGGGCATTGCTGTG 

15 GAGGTGTTTCTCACTCTGGGTGTCATCAGCCTCTTGGAGAACATCTTGGTCATAGGGGCC 
ATAGTGAAGAACAAAAACCTGCACTCCCCCATGTACTTCTTCGTGTGCAGCCTGGCAGTG 
GCGGACATGCTGGTGAGCATGTCCAGTGCCTGGGAGACCATCACCATCTACCTACTCAAC 
AACAAGCACCTAGTGATAGCAGACGCCTTTGTGCGCCACATTGACAATGTGTTTGACTCC 
ATGATCTGCATTTCCGTGGTGGCATCCATGTGCAGCTTACTGGCCATTGCAGTGGATAGG 

20 TACGTCACCATCTTCTACGCCCTGCGCTACCACCACATCATGACGGCGAGGCGCTCAGGG 
GCCATCATCGCCGGCATCTGGGCTTTCTGCACGGGCTGCGGCATTGTCTTCATCCTGTAC 
TCAGAATCCACCTACGTCATCCTGTGCCXCATCTCCATGTTCTTCGCTATGCTGTTCCTC 
CTGGTGTCTCTGTACATACACATGTTCCTCCTGGCGCGGACTCACGTCAAGCGGATCGCG 
GCTCTGCCCGGGGCCAGCTCTGCGCGGCAGAGGACCAGCATGCAGGGCGCGGTCACCGTC 

25 ACCATGCTGCTGGGCGTGTTTACCGTGTGCTGGGCCCCGTTCTTCCTTCATCTCACTTTA 
ATGCTTTCTTGCCCTCAGAACCTCTACTGCTCTCGCTTCATGTCTCACTTCAATATGTAC 
CTCATACTCATCATGTGTAATTCCGTGATGGACCCTCTCATATATGCCTTCCGCAGCCAA 
GAGATGCGGAAGACCTTTAAGGAGATTATTTGCTGCCGTGGTTTCAGGATCGCCTGCAGC 
TTTCCCAGAAGGGATTAA 

30 <SEQ ID NO: 16; DNA; Homo sapiens> 

AGAAGATCCTGGGTTCTGTGCATCCGTCTGTCTGACCATCCCTCTCAATCTTCCCTGCCC 
AGGACTGGCCATACTGCCACCGCACACGTGCACACACGCCAACAGGCATCTGCCATGCTG 
GCATCTCTATAAGGGCTCCAGTCCAGAGACCCTGGGCCATTGAACTTGCTCCTCAGGCAG 
AGGCTGAGTCCGCACATCACCTCCAGGCCCTCAGAACACCTGCCCCAGCCCCACCATGCT 

35 CATGGCGTCCACCACTTCCGCTGTGCCTGGGCATCCCTCTCTGCCCAGCCTGCCCAGCAA 
CAGCAGCCAGGAGAGGCCACTGGACACCCGGGACCCG6TGCTAGCCCGGGCGGAGCTGGC 
GCTGCTCTCCATAGTCTTTGTGGCTGTGGCCCTGAGCAATGGCCTGGTGCTGGCGGCCCT 
AGCTCGGCGGGGCCGGCGGGGCCACTGGGCACCCATACACGTCTTCATTGGCCACTTGTG 
CCTGGCCGACCTGGCCGTGGCTCTGTTCCAAGTGCTGCCCCAGCTGGCCTGGAAGGCCAC 

40 CGACCGCTTCCGTGGGCCAGATGCCCTGTGTCGGGCCGTGAAGTATCTGCAGATGGTGGG 
CATGTATGCCTCCTCCTACATGATCCTGGCCATGACGCTGGACCGCCACCGTGCCAXCTG 
CCGTCCCATGCTGGCGTACCGCCATGGAAGTGGGGCTCACTGGAACCGGCCGGTGCTAGT 
GGCTTGGGCCTTCTCGCTCCTTCTCAGCCTGCCCCAGCTCTTCATCTTCGCCCAGCGCAA 
CGTGGAAGGTGGCAGCGGGGTCACTGACTGCTGGGCCTGCTTTGCGGAGCCCTGGGGCCG 

45 TCGCACCTATGTCACCTGGATTGCCCTGATGGTGTTCGTGGCACCTACCCTGGGTATCGC 
CGCCTGCCAGGTGCTCATCTTCCGGGAGATTCATGCCAGTCTGGTGCCAGGGCCATCAGA 
GAGGCCTGGGGGGCGCCGCAGGGGACGCCGGACAGGCAGCCCCGGTGAGGGAGCCCACGT 
GTCAGCAGCTGTGGCCAAGACTGTGAGGATGACGCTAGTGATTGTGGTCGTCTATGTGCT 
GTGCTGGGCACCCTTCTTCCTGGTGCAGCTGTGGGCCGCGTGGGACCCGGAGGCACCTCT 

50 GGAAGGGGCGCCCTTTGTGCTACTCATGTTGCTGGCCAGCCTCAACAGCTGCACCAACCC 
CTGGATCTATGCATCTTTCAGCAGCAGCGTGTCCTCAGAGCTGCGAAGCTTGCTCTGCTG 
TGCCCGGGGACGCACCCCACCCAGCCTGGGTCCCCAAGATGAGTCCTGCACCACCGCCAG 
CTCCTCCCTGGCCAAGGACACTTCATCGTGAGGAGCTGTTGGGTGTCTTGCCTCTAGAGG 
CTTTGAGAAGCTCAGCTGCCTTCCTGGGGCTGGTCCTGGGAGCCACTGGGAGGGGGACCC 

55 GTGGAGAATTGGCCAGAGCCTGTGGCCCCGAGGCTGGGACACTGTGTGGCCCTGGACAAG 
CCACAGCCCCTGCCTGGGTCTCCACATCCCCAGCTGTATGAGGAGAGCTTCAGGCCCCAG 
GACTGTGGGGGCCCCTCAGGTCAGCTCACTGAGCTGGGTGTAGGAGGGGCTGCAGCAGAG 
GCCTGAGGAGTGGCAGGAAAGAGGGAGCAGGTGCCCCCAGGTGAGAGAGCGGTCCCAGGG 
GCCTGAAAAGGAAGGACCAGGCTGGGGCCAGGGGACCTTCCTGTCTCCGCCTTTCTAATC 

60 CCTCCCTCCrCATTCTCTCCCTAATAAAAATTGGAGCTCTTTTCCACATGGCAAGGGGTC 
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TCCTTGGAA 

<SEQ ID NO: 17; DNA; Homo sapiens> 

GGCTCGCTGCCTCGCATTGCCACAGGCTCCTGAGAGGTCGCGGGCAGTGCCTGCGGGGAG 
GCGCGGGGCCCTGCTCTGTAGGGCTGAAGGCCGCCCGAGGTTCGCCAAGGCTCTGGGCTC 
5 TCGAAAGGAAGCCAAGAAAAGAAGCTGCCCAGGTGACCAGTCCTGGGAGTGCTCTCTCCC 
AAGGAAGCTCCGAGCGCCCAGGAGCCCTTAGCCGGGGTCTAGTGCCCTTTGAACAATCTC 
CAGCTCTTCAAGGAAGTGGGCTGCCGCCGCCTCTCTTGGGACCTGGCCTGGGATCCTTTC 
CCCAAACGCACCCCGGCGATTTTTGCGCACCGGGAGCCGT^ACCCCTGCTGCGCGCAGCTG 
GCTGGGCTCAGGCGCGCTTCCXCAACGTTTCGGAGCCGCTGCCCCCAGCGAAGTCCACAT 

1 0 TCCAAGCTCCAGGGGCTTTGAGAGAGACGACCCCAAGGCAAGGCGTTTGGAGAGCTGCTG 
AGGAGCCAGGGGCTTGGAGGAGCGAGAAGACATGTATTTTCAGCTGAGTCTCAGAAGGGG 
AGAATCTCCTGTCACCACCAGAAAAGCAACAGCCCCGAAATGTGATTGCAACTGACTAGC 
AGAGCAGAGGCCCAGGAGTCACTGGATTGATGATTTAGAATATGCTAAAAAGCCAGTGCT 
TTATTTGGGGAATTCAGGGGCTTTCTGGTGCCCAAGACAGTGACCTGCAGATGAGGACTC 

15 TGAACACCTCTGCCATGGACGGGACTGGGCTGGTGGTGGAGAGGGACTTCTCTGTTCGTA 
TCCTCACTGCCTGTTTCCTATCGCTGCTCATCCTGTCCACGCTCCTGGGGAACACGCTGG 
TCTGTGCTGCCGTTATCAGGTTCCGACACCTGCGGTCCAAGGTGACCAACTTCTTTGTCA 
TCTCCTTGGCTGTGTCAGATCTCTTGGTGGCAGTCCTGGTCATGCCCTGGAAGGCAGTGG 
CTGAGATTGCTGGCTTCTGGCCCTTTGGGTCCTTCTGTAACATCTGGGTGGCCTTTGACA 

20 TCATGTGCTCCACTGCATCCATCCTCAACCTCTGTGTGATCAGCGTGGACAGGTATTGGG 
CTATCTCCAGCCCTTTCCGGTATGAGAGAAAGATGACCCCCAAGGCAGCCTTCATCCTGA 
TCAGTGTGGCATGGACCTTGTCTGTACTCATCTCCTTCATCCCAGTGCAGCTCAGCTGGC 
ACAAGGCAAAACCCACAAGCCCCTCTGATGGAAATGCCACTTCCCTGGCTGAGACCATAG 
ACAACTGTGACTCCAGCCTCAGCAGGACATATGCCATCTCATCCTCTGTAATAAGCTTTT 

25 ACATCCCTGTGGCCATCATGATTGTCACCTACACCAGGATCTACAGGATTGCTCAGAAAC 
AAATACGGCGCATTGCGGCCTTGGAGAGGGCAGCAGTCCACGCCAAGAATTGCCAGACCA 
CCACAGGTAATGGAAAGCCTGTCGAATGTTCTCAACCGGAAAGTTCTTTTAAGATGTCCT 
TCAAAAGAGAAACTAAAGTCCTGAAGACTCTGTCGGTGATCATGGGTGTGTTTGTGTGCT 
GTTGGCTACCTTTCTTCATCTTGAACTGCATTTTGCCCTTCTGTGGGTCTGGGGAGACGC 

30 AGCCCTTCTGCATTGATTCCAACACCTTTGACGTGTTTGTGTGGTTTGGGTGGGCTAATT 
CATCCTTGAACCCCATCATTTATGCCTTTAATGCTGATTTTCGGAAGGCATTTTCAACCC 
TCTTAGGATGCTACAGACTTTGCCCTGCGACGAATAATGCCATAGAGACGGTGAGTATCA 
ATAACAATGGGGCCGCGATGTTTTCCAGCCATCATGAGCCACGAGGCTCCATCTCCAAGG 
AGTGCAATCTGGTTTACCTGATCCCACATGCTGTGGGCTCCTCTGAGGACCTGAAAAAGG 

35 AGGAGGCAGCTGGCATCGCCAGACCCTTGGAGAAGCTGTCCCCAGCCCTATCGGTCATAT 
TGGACTATGACACTGACGTCTCTCTGGAGAAGATCCAAGCCATCACACAAAACGGTCAGC 
ACCCAACCTGAACTCGCAGATGAATCCTGCCACACATGCTCATCCCAAAAGCTAGAGGAG 
ATTGCTCTGGGGTTTGCTATTAAGAAACTAAGGTACGGTGAGACTCTGAGGTGTCAGGAG 
AGCCCTCTGCTGCTTTCCAACACACAATTAACTCCGTTTCCAAATACATTCCAGTGTATT 

40 TTCTGTGTTGTTCATAGTCl^ATCAAACAGGGACACTACAAACATGGGGAGCCATAAGGGA 
CATGTCTTTGGCTTCAGAATTGTTTTTAGAAATTTATTCTTATCTTAGGATTTACCAAAT 
AGGGCAAAGAATCAACAGTGAACAGCTTCACTTAAAATCAAATTTTTCTGGGAAGAAAAT 
GAGATGGGTTGAGTTTGCTGTATACAAACAGGTGCTAACACTGTTCCCAGCAAAGTTTTC 
AGATTGTAAAGGTAGGTGCATGCCTTCATAAATTATTTCTAAAACATTAATTGAGGCTTA 

45 CAGTAGGAGTGAGAAATTTTTTTCCAGAATTGAGAGATGTTTTGTTGATATTGGTTCTAT 
TTATTTATTGTATATATGGATATTTTTAATTTATGATATAATAAATATATATTTATCATA 
TTTAATAGGATAAATTAATGAGTTTTATCCAAGACCTTACAACCACATTTCTGGCCATTT 
AACTAGCACTTTATAAGCCAATGAAGCA2UVCACACAGACTCTGTGAGATTCTAAATGTTC 
ATGTGTAACTTCTAGA 

50 <SEQ ID NO: 18; DNA; Homo sapiens> 

CTCTTCCGGACGTGACGCAAGGGCGGGGTTGCCGG2\AGAAGTGGCGAAGTTACTTTTGAG 
GGTATTTGAGTAGCGGCGGTGTGTCAGGGGCTAAAGAGGAGGACGAAGAAAAGCAGAGCA 
AGGGAACCCAGGGCAACAGGAGTAGTTCACTCCGCGAGAGGCCGTCCACGAGACCCCCGC 
GCGCAGCCATGAGCCCCGCCCCCCGCTGTTGCTTGGAGAGGGGCGGGACCTGGAGAGAGG 

55 CTGCTCCGTGACCCCACCATGTCCTCTCCTACCACGAGTTCCCTGGATACCCCCCTGCCT 
GGAAATGGCCCCCCTCAGCCTGGCGCCCCTTCTTCXTCACCCACTGTAl^AGGAGGAGGGT 
CCGGAGCCGTGGCCCGGGGGTCCGGACCCTGATGTCCCAGGCACTGATGAGGCCAGCTCA 
GCCTGCAGCACAGACTGGGTCATCCCAGATCCCGAAGAGGAACCAGAGCGCAAGCGAAAG 
AAGGGCCCAGCCCCGAAGATGCTGGGCCACGAGCTTTGCCGTGTCTGTGGGGACAAGGCC 

60 TCCGGCTTCCACTACAACGTGCTCAGCTGCGAAGGCTGCAAGGGCTTCTTCCGGCGCAGT 
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GTGGTCCGTGGTGGGGCCAGGCGCTATGCCTGCCGGGGTGGCGGAACCTGCCAGATGGAC 
GCTTTCATGCGGCGCAAGTGCCAGCAGTGCCGGCTGCGCAAGTGCAAGGAGGCAGGGATG 
AGGGAGCAGTGCGTCCTTTCTGAAGAACAGATCCGGAAGAAGAAGATTCGGAAACAGCAG 
CAGGAGTCACAGTCACAGTCGCAGTCACCTGTGGGGCCGCAGGGCAGCAGCAGCTCAGCC 
5 TCTGGGCCTGGGGCTTCCCCTGGTGGATCTGAGGCAGGCAGCCAGGGCTCCGGGGAAGGC 
GAGGGTGTCCAGCTAACAGCGGCTCAAGAACTAATGATCCAGCAGTTGGTGGCGGCCCAA 
CTGCAGTGCAACAAACGCTCCTTCTCCGACCAGCCCAAAGTCACGCCCTGGCCCCTGGGC 
GCAGACCCCCAGTCCCGAGATGCCCGCCAGCAACGCTTTGCCCACTTCACGGAGCTGGCC 
ATCATCTCAGTCCAGGAGATCGTGGACTTCGCTAAGCAAGTGCCTGGTTTCCTGCAGCTG 

10 GGCCGGGAGGACCAGATCGCCCTCCTGAAGGCATCCACTATCGAGATCATGCTGCTAGAG 
ACAGCCAGGCGCTACAACCACGAGACAGAGTGTATCACCTTCTTGAAGGACTTCACCTAC 
AGCAAGGACGACTTCCACCGTGCAGGCCTGCAGGTGGAGTTCATCAACCCCATCTTCGAG 
TTCTCGCGGGCCATGCGGCGGCTGGGCCTGGACGACGCTGAGTACGCCCTGCTCATCGCC 
ATCAACATCTTCTCGGCCGACCGGCCCAACGTGCAGGAGCCGGGCCGCGTGGAGGCGTTG 

15 CAGCAGCCCTACGTGGAGGCGCTGCTGTCCTACACGCGCATCAAGAGGCCGCAGGACCAG 
CTGCGCTTCCCGCGCATGCTCATGAAGCTGGTGAGCCTGCGCACGCTGAGCTCTGTGCAC 
TCGGAGCAGGTCTTCGCCTTGCGGCTCCAGGACAAGAAGCTGCCGCCTCTGCTGTCGGAG 
ATCTGGGACGTCCACGAGTGAGGGGCTGGCCACCCAGCCCCACAGCCTTGCCTGACCACC 
CTCCAGCAGATAGACGCCGGCACCCCTTCCTCTTCCTAGGGTGGAAGGGGCCCTGGGCCG 

20 AGCCTGTAGACCTATCGGCTCTCATCCCTTGGGATAAGCCCCAGTCCAGGTCCAGGAGGC 
TCCCTCCCTGCCCAGCGAGTCTTCCAGAAGGGGTGAAAGGGTTGCAGGTCCCGACCACTG 
ACCCTTCCCGGCTGCCCTCCCTCCCCAGCTTACACCTCAAGCCCAGCACGCAGTGCACCT 
TGAACAGAGGGAGGGGAGGACCCATGGCTCTCCCCCCTAGCCCGGGAGACCAGGGCCTTC 
CTCTTCCTCTGCTTTTATTTAATAAAAACTAAAAACAGAAAAAAAAAAAAAAA 

25 

<SEQ ID NO; 101; PRT; Homo sapiens> 

MP IMGS S VYITVELAIAVLAILGNVLVCWAVWLN SNLQNVTNYFVVSLAAADI AVGVLAI 
PFAIT I S TGFCAACHGCLFI ACFVLVLTQS S I FSLLAIAI DRYIAIRI PLRYNGLVTGTR 
AKGIIAICWVXjSFAIGLTPMLGWITOCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYF 

30 NFFACVLVPLLLI^GVYLRIFLAARRQL^ 

LFALCl^PLHI INCFTFFCP DC SHAPLV^MYliAIVX SHTN SWNPFI YAYRIRE FRQTFR 
KIIRSHVLRQQEPFKAAGTSARVIAAHGSDGEQVSLRIJSIGHPPGVWANGSAPHPE 
YALGLVSGGSAQESQGNTGLPDVELIiSHELKGVCPEPPGLDDPLAQDGAGVS 
<SEQ ID NO: 102; PRT; Homo sapiens> 

35 MSLWLGAPVPDIPPDSAVELWKPGAQDASSQAQGGSSCILREEARMPHSAGGTAGVGIjEA 
AEPTALLTRAEPPSEPTEIRPQKRKKGPAPKMLGNELCS^/CGDKASGFHYNVLSCEGCKG 
FETOSVIKGAHYICHSGGHCPMDTYMRRKCQECRLRKCRQAGMREECVLSEEQ 
RQEEEQAHATS LPPRRS S PPQILPQIiSPEQLGMIEKLVAAQQQCNRRS FS DRLRVTPWPM 
APDPHSREARQQRFAHFTEI1AIVSVQEIVDFAKQLPGFI1QLSREDQIALLKTSAIEVMLL 

40 ETSRRYNPGSESITFLKDFSYNREDFAKAGLQVEFINPIFEFSRAMNELQLNDAEFALLI 
AI S I FSADRPNVQDQLQVERIiQHT YVE ALHAYVS IHHPHDRIiMFPRMIiMKIiVSIjRTLSS V 
HSEQVFALRLQDKKLPPLLSEIWDVHE 
<SEQ ID NO: 103; PRT; Homo sapiens> 

l^PKVETEALGLARSHGEQGQMPENMQVSQFKMVNYSYDEDLEELCPVCGDKVSGYHYGL 
45 LTCESCKGFFKRTVQNNKRYTCIENQNCQI DKTQRKRCPYCRFQKCLSVGMKLEAVRADR 
MRGGRNKFpPMYKRDRA^QQKKAL IRANGLKLEAMSQVIQAMP S DLTI S SAIQN I HS AS 
KGLPLNHAAIiPPTDYDRSPFVTSPISMTMLHGSLQGYQTYGHFPSRAIKSEYPDPYTSSP 
ESIMGYSYMDSYQTSSPASIPHLILELLKCEPDEPQVQAKIMAYLQQEQANRSKHEKLST 
FGLMCKMADQTVFS I VEWARS S I FFRELKVDDQMKLLQNCWSELLILDHI YRQWHGKEG 
50 S I FLVTGQQVD YS 1 I ASQAGATLNNLMS HAQELVAKLRSLQFDQRE FVCLKFLVLFS LDV 
KNLENFQLVEGVQEQVNAALLDYTMCN YPQQTEKFGQLLLRL PE IRAI SMQAEE YL YYKH 
LNGDVPYNNLLIEMLHAKRA 
<SEQ ID NO: 104; PRT; Homo sapiens> 

MSSNSDTGDLQESLKHGLTPIVSQFKMVNYSYDEDLEEIjCPVCGDKVSGYHYGLLTCESC 
55 KGFFKRTVQNNKRYTCIENQNCQIDKTQRKRCPYCRFQKCLSVGMKLEAVRADRMRGGRN 
KFGPMYKRDRALKQQKKALIRANGLKLEAMSQVI QAMPSDLT I S SAIQNI HSASKGLPLN 
HAALPPTDYDRSPFVTSPISMTMPPHGSLQGYQTYGHFPSRAIKSEYPDPYTSSPESIMG 
YS YMDS YQT S S PAS I PHL ILELLKCEPDEPQVQ2\KIMAYLQQEQANRSKHEKLSTFGLMC 
KMADQTLFSIVEWARSSIFFRELKVDDQMKLLQNCWSELLILDHI YRQWHGKEGS I FLV 
60 TGQQVDYSIIASQAGATLNNLMSHAQELVi^ 
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FQLVEGVQEQVNAALLDYTMCNYPQQTEKFGQLLLRLPE IRAI SMQAEE YLYYKHLNGDV 
PYNNLLIEMLHAKRA 

<SEQ ID NO: 105; PRT; Homo sapiens> 

MSSNSDTGDLQESLKHGLTPIGAGLPDRHGSPIPARGRLVMLPKVETEALGLARSHGEQG 
5 QMPEl^QVSQFKMVNYSYDEDLEELCPVCGDKVSGYHYGL^ 

TCIENQNCQIDKTQRKRCPYCRFQKCLSVGMKLEAVRADRMRGGRNKFGPMY^^ 
QKKALIRANGLKLEAMSQVIQAMPSDLTISSAIQNIHSASKGLPLNHAALPPTDYDRSPF 
VTSPISMTMPPHGSLQGYQTYGHFPSRAIKSEYPDPYTSSPESIMGYSYMDSYQTSSPAS 
IPHLILELLKCEPDEPQVQAKIMAYLQQEQAI^RSKHEKIjSTFGLMCKMADQTLFSIVEWA 
10 RSSIFFRELKVDDQMKLIiQNCWSELLILDHIYRQVVHGKEGSIFLWGQQVDYSIIASQ^ 
GATLNNLMSHAQELVAKLRSLQFDQRE FVCLKFLVLFS LDVKNLENFQLVEGVQEQVNAA 
LLDYTMCN YPQQTEKFGQLLLRLPE IRAI SMQAEE YLYYKHLNGDVPYNNLLIEMLHAKR 
A 

<SEQ ID NO: 106; PRT; Homo sapiens> 
15 MNESRWTEWRI LNMSSGIVNASERHSCPLGFGHY SWDVC I FETWIVLLTFLI I AGNLT 

VIFAFHCAPIiLHHYTTSYFIQTMAYADLFVGVSCLVPTLSLIiHYSTGVHESLTCRVFGYI 

ISVLKSVSMACLACISVDRYIiAITKPLSYNQLVTPCRIiRICIILIWIYSCLIFLPSFFGW 
* GKPGYHGDI FEWCATSWLTSAYFTGFI VCLLYAPAAFWCFT YFHI FKICRQHTKEINDR 

RARFPSHEVDSSRETGHSPDRRYAMVLFRITSVFYMLWLPYIIYFLLESSRVIiDNPTIiSF 
20 LTTWLAVSNSFCNCTIYSLSNGVFRLGLRRLFETMCTSC^CVKDQEAQ 

I 

<SEQ ID NO: 107; PRT; Homo sapiens> 

MSLNSSLSCRKELSNLTEEEGGEGGVIITQFIAIIVITIFVCLGNLVIVVTLYKKSYLLT 
LSNKFVFSLTLSNFLLSVLVLPFVVTSSIRREWIFGVVWCNFSAIiLYLLISSASMLTLGV 

25 I AI DRYYAVIiYPMVYPMKITGNRAVMAIjVYIWLHSIjIGCLPPLFGWSSVEFDEFKViWCVA 
AWHREPGYTAFWQIWCALFPE^Vl^VC YGFI FRVARVKARKVHCGTVVIVEE DAQRTGRK 
NSSTSTSSSGSRRNAFQGVVYSANQCKALITILVVLGAFMVTWGPY^^ 
VS P SLETWATWLS FASAVCHPLI YGLWNKTVRKELLGMCFGDRYYREP FVQRQRTSRLFS 
ISNRITDLGLSPHLTALMAGGQPLGHSSSTGDTGFSCSQDSGNLRAL 

30 <SEQ ID NO: 108; PRT; Homo sapiens> 

MSLNSSLSCRKELSNLTEEEGGEGGVIITQFIAIIVITIFVCLGNLVIWTLYKKSYIjLT 
LSNKFVFSLTLSNFLLSVLVLPFVVTSS IRREWI FGWWCNFS ALLYLLI SS ASMLTLGV 
IAI DRYYAVL YPMVYPMKI TGNRAVMALVYIWLHSLIGCLPPLFGWS S VE FDE FKWMC VA 
AWHRE PGYTAFWQIWCALFPFLVMLVC YGFI FRVARVKARKVHCGTVVIVEE DAQRTGRK 

35 NSSTSTSSSGSRRNAFQGVVYSANQCKALITILVVIiGAFM\rrWGPYM\7VIASEAIjWGKSS 
VSPSLETWATWIjS FASAVCHPLI YGLWNKTVRKEI^GMCFGDRYYREPFVQRQRTSRIiFS 
ISNRITDLGLSPHLTALMAGGQPLGHSSSTGDTGFSCSQDSGTDMMLLEDYTSDDNPPSH 
CTCPPKRRSSVTFEDEVEQIKEAAKNSILHVKAEVHKSLDSYAASLAKAIEAEAKINLFG 
EEALPGVLVTARTVPGGGFGGRRGSRTLVSQRLQLQSIEEGDVLAAEQR 

40 <SEQ ID NO: 109; PRT; Homo sapiens> 

MKWQHALPTPRRGALTMSLNSSLSCRKELSNLTEEEGGEGGVIITQFIAIIVITIFVCIi 
GNLVIWTLYKKSYLLTLSNKFVFSLTLSNFLLSVIiVLPFVVTSSIRREWIFGVVWCNFS 
ALLYLLI SSASMLTLGVIAIDRYYAVLYPMVYPl^ITGNRAVMALVYIWLHSLI GCLPPL 
FGWSSVE FDEFKWMCVAAWHREPG YTAFWQIWCALFPFLVMLVC YGFI FRVARVKARKGH 

45 CGTWIVEE DAQRTGRKNS STSTS S S GSRRNAFQGWYSANQCKALI T ILWLGAFMVTW 
G P YMWI ASEALWGKS SVS PSLETWATWLS FASAVCHPLI YGLWNKTVRKELLGMC FGDR 
YYREPFVQRQRTSRLFSISNRITDLGLSPHLTALMAGGQPLGHSSSTGDTGFSCSQDSGT 
DMMLLEDYTSDDNPPSHCTCPPKRRSSVTFEDEVEQIKEAAKNSILHVKAEVHKSLDSYA 
ASLAKAIEAEAKI NLFGEEALPGVLVTARTVPGGGFGGRRGSRTLVSQRLQLQS IEEGDV 

50 LAAEQR 

<SEQ ID NO: 110; PRT; Homo sapiens> 

MNSTCIEEQHDLDHYLFPIVYIFVIIVSIPANIGSLCVSFLQAKKESELGIYLFSLSLSD 
LLYALTLPLWI DYTWNKDNWTFSPALCKGSAFLMYMNFYSSTAFLTCIAVDRYLAVVYPL 
KFFFLRTRRFALMVS LS I WILET I FNAVMLWEDETWE YCDAEKSNFTLC YDKYPLEKWQ 
55 INLNLFRTCTGYAIPLVTI LI CNRKVYQAVRHNKATENKEKKRI IKLLVS ITVTFVLCFT 
PFHVMLLIRCILEHAVNFEDHSNSGKRTYTMYRITVALTSLNCVADPILYCFVTETGRYD 
MWNILKFCTGRCNTSQRQRKRILSVSTKDTMELEVLE 
<SEQ ID NO: 111; PRT; Homo sapiens> 

MDSVELCLPESFSLHYEEELLCRMSNKDRHIDSSCSSFIKTEPSSPASLTDSVNHHSPGG 
60 SSDASGSYSSTMNGHQNGLDSPPLYPSAPILGGSGPVRKLYDDCSSTIVEDPQTKCEYML 
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NSl^KRLCLVCGDIASGYHYGVASCEACKAFFKRTIQGNIEYSCPATNECEITKRKRKSC 
QACRFMKCLKVGMLKEGVRLDRVRGGRQKYKRRI DAENSP YLNPQLVQPAKKP YNKI VS H 
LLVAEPEKI YAMPDPTVPDS DIKALTTLCDLADRELVVI IGWAKHI PGFSTLSLADQMSL 
LQSAWMEILILG\ATraSLSFEDELVYADDYIMD 
5 LEKEE FVTLKAI ALAN S DSMH I E DVE AVQKLQDVLHEALQD YEAGQHME DPRRAGKMLMT 
LPIiLRQTSTKAVQHFYWIKLEGKVPMHKIiFIiEMLEAKV 
<SEQ ID NO: 112; PRT; Homo sapiens> 

MSNKDRHIDSSCSSFIKTEPSSPASLTDSVNHHSPGGSSDASGSYSSTMNGHQNGLDSPP 
LYPSAPILGGSGPVKKLYDDCSSTIVEDPQXKCEYMI^SMPKRLCLVCGDXASGYHYGVA 

1 0 SCEACKAFFKRTIQGNIEYSCPATNECEITKRRRKSCC^CRFI^CLKVGMLKEG^EUjDRV 
RGGRQKYKRRI DAENS PYLNPQLVQPAKKP YNKIVSHLLVAEPEKI YAMPDPTVPDS DIK 
ALTTLCDLADRELWIIGWAKHIPGFSTLSLADQMSLLQSA*^ 
LVYADDYIMDEDQSKLAGLLDLNNAJLQLVKKYKSMKLEKEEFVTLI^ 
DVEAVQKLQDVLHEALQDYEAGQHMEDPRRAGKMLMTLPLLRQT S TKAVQHFYNIKLEGK 

15 VPMHKLFLEMLEAKV 

<SEQ ID NO: 113; PRT; Homo sapiens> 

msnkdrhidsscssfiktepsspasltdsvnhhspggssdasgsysstmnghqngldspp 
lypsapilggsgpvrklyddcsstivedpqtkceymlnsmpkrlclvcgdiasgyhygva 
sceackaffkrtiqgn ie ys cpatnece itkrrrkscqacrfmkclkvgmlkegvrldrv 
20 rggrqkykrri daens pylnpqlvqpakkp ynki vs hllvae peki yampdptvpds dik 
alttlcdiadrelvvi igwakhi pgfstlsladqmsllqsamyieililgvvyrsl 
lvyaddyimdedqskiaglldll^ailqlvkkyksmi^ 
dveavqklqdvlhealqdyeagqhmedprragkmlmtlpllrqtstkavqhf™ 
vpmhklflemleakv 

25 <SEQ ID NO: 114; PRT; Homo sapiens> 

mnedlkvnlsglprdyldatvaaenisaavssrvpavepepelvvnpwdivlctsgtlisc 
enaiwli i fhnp slrapmfll i gslaladllagigli tnfvfayllqseatklvtigli 
vasfsasvcsllmtvdrylslyyaltyhsertvtftyvmlvmlwgtsiclgllpvmgwn 
clrdestcs wrpltknnaail svs flfmfalmlql yi qi ckivmrhahqi alqhhflat 
30 sh yvttrkgvstlai ilgtfaacwmpftl ysli ad ytyps i ytyatllpatyns i inpvi 
yafrnqeiqkalcliccgcipsslaqrarspsdv 

<SEQ ID NO: 115; PRT; Homo sapiens> 

MNS S FHLHFLDLNLNATEGNLSGPNVKNKS S PCEDMGI AVEVFLTLGVISLLENILVI GA 

I VKNKNLHS PMYFFVC SLAVADMLVSMS SAWETI TI YLLNNKHLVI ADAFVRHI DNVFDS 
35 MI CI SVVASMCSLLAIAVDRYVTI FYALRYHHIMTARRSGAI IAGIWAFCTGCGI VFI LY 

SESTYVILCLISMFFAMLFLLVSLYIHMFLIjARTHVKRIAALPGASSARQRTSMQGAVTV 

TMLLGVFTVCWAPFFLHLTLMLSCPQNLYCSRFMSHFNMYLILIMCNSVMDPLIYAFRSQ 

EMRKTFKE I ICCRGFRI ACS FPRRD 

<SEQ ID NO: 116; PRT; Homo sapiens> 
40 MLMASTTSAVPGHPSLPSLPSNSSQERPLDTRDPLLARAELALLSIVFVAVAL 

AIARRGRRGHWAPIHVFIGHLCLAD^VALFQVXPQI^^ 

VGMYASSYMILAMTLDRHRAICRPMLAYRHGSGAHWNRPVLVAWAFSLLLSLPQLFIFAQ 
RNVEGGSGVTDOtfACFAEPWGRRTYVTO 

SERPGGRRRGRRTGSPGEGAHVSAAVAKTVRMTLVIVVVYVIiCWAPFFLVQLWAAWDPEA 
45 PLEGAPFVLLMLLASLNSCTNPWIYASFSSSVSSELRSLLCCARGRTPPSLGPQDESCTT 
AS S SLAKDTS S 

<SEQ ID NO: 117; PRT; Homo sapiens> 

MRTLNTSAMDGTGLVVERDFSVRILTACFLSLLILSTLLGNTLVCAAVIRFRHLRSKVTN 
FFVISIAVSDLLVAVLVMPWKAVAEIAGFWPFGSFCNIWVAFDIMCSTASILNLCVISVD 

50 RYWAI S S P FRYERKMTPKAAFILI SVAWTLSVLI SFI PVQL SWHKAKPTS PS DGNATSLA 
ET I DNCDS SLSRT YAI S S SVI S FYI PVAIMIVTYTRI YRI AQKQIRRI AALERAAVHAKN 
CQTTTGNGKPVECS QFE S S FKMS FKRETKVLKTLS VIMGVFVCCWLPFFILNC I LPFCGS 
GETQPFCIDSNTFDVFVWFGWANSSLNPIIYAFNADFRKAFSTLLGCYRLCPATNNAIET 
VSINNNGA2\MFSSHHEPRGSISKECNLVYLIPHAVGSSEDLKKEEAAGIARPIjEKLSPAL 

55 SVILDYDTDVSLEKIQPITQNGQHPT 

<SEQ ID NO: 118; PRT; Homo sapiens> 

MSSPTTSSLDTPLPGNGPPQPGAPSSSPTVKEEGPEPWPGGPDPDVPGTDEASSACSTDW 
VIPDPEEEPERKRKKGPAPKMLGHELCRVCGDKASGFHYNVLSCEGCKGFFRRSVVRGGA 
RRYACRGGGTCQMDAFMRRKCQQCRLRKCKEAGMREQCVLSEEQIRKKKIRKQQQESQSQ 
60 SQSPVGPQGSSSSASGPGASPGGSEAGSQGSGEGEGVQLTAAQELMIQQLVAAQLQCNKR 
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SFSDQPKVTPWPLGADPQSRDARQQRFAHFTEIiAI I SVQEIVDFAKQVPGFLQLGREDQI 
i^LKASTIEIMLLETARRYNHETECITFLKDFTYSKDDFHRAGLQVEFINPIFEFSRAMR 
KLGLDDAEYALLIAINIFSADRPNVQEPGRVEALQQPYVEALLSYTRIKRPQDQLRFPRM 
LMKIiVSLRTL S S VHSEQVFALRLQDKKLPPLLSE IWDVHE 

5 

<SEQ ID NO: 201; PRT SEQ DOMAIN; Homo sapiens> 
MPIMGSSVY 

<SEQ ID NO: 202; PRT SEQ DOMAIN; Homo sapiens> 
ITVELAIAVLAIIiGNVLVCWAVW 
10 <SEQ ID NO: 203; PRT SEQ DOMAIN; Homo sapiens> 
LNSNLQNVTNY 

<SEQ ID NO: 204; PRT SEQ DOMAIN; Homo sapiens> 
FVVSLAAADIAVGVLAIPFAITI 

<SEQ ID NO: 205; PRT SEQ DOMAIN; Homo sapiens> 
15 STGFCAACH 

<SEQ ID NO: 206; PRT SEQ DOMAIN; Homo sapiens> 
GCL FI AC FVLVLTQS S I FSLLAI 

<SEQ ID NO: 207; PRT SEQ DOMAIN; Homo sapiens> 
AIDRYIAIRIPLRYNGLVTGTR 
20 <SEQ ID NO: 208; PRT SEQ DOMAIN; Homo sapiens> 
AKG I I AI CWVLSFAI GLTPMLGW 

<SEQ ID NO: 209; PRT SEQ DOMAIN; Homo sapiens> 
NNCGQPKEGKNHSQGCGEGQVACLFEDWPMNYMV 
<SEQ ID NO: 210; PRT SEQ DOMAIN; Homo sapiens> 
25 YFNFFACVLVPLLLMLGVYLRIF 

<SEQ ID NO: 211; PRT SEQ DOMAIN; Homo sapiens> 
LAARRQLKQMESQPLPGERARSTLQKEV 

<SEQ ID NO: 212; PRT SEQ DOMAIN; Homo sapiens> 
HAAKSLAI I VGLFALCWIi PLHI I 
30 <SEQ ID NO: 213; PRT SEQ DOMAIN; Homo sapiens> 
NCFTFFCPDCSHAP 

<SEQ ID NO: 214; PRT SEQ DOMAIN; Homo sapiens> 
LWLMYLAIVIiSHTNSWNPFIYA 

<SEQ ID NO: 215; PRT SEQ DOMAIN; Homo sapiens> 
35 YRI RE FRQTFRKI IRS HVLRQQEP FKAAGT SARVLAAHGS DGEQVSLRXNGHPPGVWANG 
SAPHPERRPNGYALGLVSGGSAQESQGNTGLPDVEIiLSHEIiKGVCPEPPGIiDDPUVQDGA 
GVS 

<SEQ ID NO: 216; PRT SEQ DOMAIN; Homo sapiens> 
MNESRWTEWRILNMSSGIVNASERHSCPLGFGHYSWDVCIFE 
40 <SEQ ID NO: 217; PRT SEQ DOMAIN; Homo sapiens 
TWIVLLTFLIIAGNLTVTFAFH 

<SEQ ID NO: 218; PRT SEQ DOMAIN; Homo sapiens 
CAPLLHHYTTS 

<SEQ ID NO: 219; PRT SEQ DOMAIN; Homo sapiens 
45 YFIQTMAYADLFVGVSCLVPTLS 

<SEQ ID NO: 220; PRT SEQ DOMAIN; Homo sapiens 
LLHYSTGVHESIiTC 

<SEQ ID NO: 221; PRT SEQ DOMAIN; Homo sapiens 
RVFGYIISVLKSVSMACLACISV 
50 <SEQ ID NO: 222; PRT SEQ DOMAIN; Homo sapiens 
DRYLAITKPLSYNQLVTPCR 

<SEQ ID NO: 223; PRT SEQ DOMAIN; Homo sapiens 
LRICIILIWIYSCLIFLPSFFGW 

<SEQ ID NO: 224; PRT SEQ DOMAIN; Homo sapiens 
55 GKPG YHGDI FEWCATSWLTSA 

<SEQ ID NO: 225; PRT SEQ DOMAIN; Homo sapiens 
YFTGFIVCLLYAPAAFWCFTYF 

<SEQ ID NO: 226; PRT SEQ DOMAIN; Homo sapiens 
HI FKICRQHTKE INDRRARFPS HEVDS SRETGHSPDRRYA 
60 <SEQ ID NO: 227; PRT SEQ DOMAIN; Homo sapiens 
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MVX1FRITSVFYMLWLPYIIYFX1L 

<SEQ ID NO: 228; PRT SEQ DOMAIN; Horao sapiens 
ESSRVLDNPTLSFL 

<SEQ ID NO: 229; PRT SEQ DOMAIN; Homo sapiens 
5 TTWLAVSNSFCNCVIYSLSNGVF 

<SEQ ID NO: 230; PRT SEQ DOMAIN; Homo sapiens 
RLGLRRLFETMCTSCMCVKDQEAQEFKPRKRANSCSI 
<SEQ ID NO: 231; PRT SEQ DOMAIN; Homo sapiens 
MSLNSSLSCRKELSNLTEEEGGEGGVIITQ 
10 <SEQ ID NO: 232; PRT SEQ DOMAIN; 
FIAIIVTTIFVCLGNLVIVVTLY 
<SEQ ID NO: 233; PRT SEQ DOMAIN; 
KKSYLLTLSNK 

<SEQ ID NO: 234; PRT SEQ DOMAIN; 
15 FVFSLTLSNFLLSVLVLPFWTS 

<SEQ ID NO: 235; PRT SEQ DOMAIN; 
SIRREWIFGWWCN 

<SEQ ID NO: 236; PRT SEQ DOMAIN; 

FS ALL YLLI S S ASMLTLGVXAI 
20 <SEQ ID NO: 237; PRT SEQ DOMAIN; 

DR YYAVL YPMV YPMKI TGNR 

<SEQ ID NO: 238; PRT SEQ DOMAIN ; 

AVMALVYIWLHSLIGCLPPLFGW 

<SEQ ID NO: 239; PRT SEQ DOMAIN; 
25 SSVEFDEFKWMCVAAWHREPGYT 

<SEQ ID NO: 240; PRT SEQ DOMAIN; 

"AFWQIWCALFPFLVMLVC YGFI F 

<SEQ ID NO: 241; PRT SEQ DOMAIN; 

RVARVKARKVHCGTWIVEEDAQRTGRKNSSTSTSSSGSRRNAFQGWYSANQCK 
30 <SEQ ID NO: 242; PRT SEQ DOMAIN; Homo sapiens 

ALITILVVLGAFMVTWGPYMVVI 

<SEQ ID NO: 243; PRT SEQ DOMAIN; Homo sapiens 
ASEALWGKSSVSPS 

<SEQ ID NO: 244; PRT SEQ DOMAIN; Homo sapiens 
35 LETWATWLSFASAVCHPLIYGLW 

<SEQ ID Na? 245; PRT SEQ DOMAIN; Homo sapiens 

NKTVRKELLGMCFGDRYYREPFVQRQRTSRLFSISNRITDLGLSPHLTALMAGGQPLGHS 
SSTGDTGFSCSQDSGNLRAL 
<SEQ ID NO: 246; PRT SEQ DOMAIN; 
40 MSLNSSLSCRKELSNLTEEEGGEGGVIITQ 

<SEQ ID NO: 247; PRT SEQ DOMAIN; 
FIAI IVITI FVCLGNLVIWTLY 

<SEQ ID NO: 248; PRT SEQ DOMAIN; Homo sapiens 
KKSYLLTLSNK 

45 <SEQ ID NO: 249; PRT SEQ DOMAIN; Homo sapiens 
FVFSLTLSNFLLSVLVLPFWTS 

<SEQ ID NO: 250; PRT SEQ DOMAIN; Homo sapiens 
S IRREWI FGWWCN 

<SEQ ID NO: 251; PRT SEQ DOMAIN; Homo sapiens 
50 FS ALL YLLI S S ASMLTLGVXAI 

<SEQ ID NO: 252; PRT SEQ DOMAIN; Horao sapiens 
DRYYAVLYPMVYPMKITGNR 

<SEQ ID NO: 253; PRT SEQ DOMAIN; Homo sapiens 
AVMALVYIWLHSLIGCLPPLFGW 
55 <SEQ ID NO: 254; PRT SEQ DOMAIN; Homo sapiens 
SSVEFDEFKWMCVAAWHREPGYT 

<SEQ ID NO: 255; PRT SEQ DOMAIN; Homo sapiens 
AFWQIWCALFPFLVMLVCYGFIF 

<SEQ ID NO: 256; PRT SEQ DOMAIN; Homo sapiens 
60 RVARVKARKVHCGTWI VEEDAQRTGRKNS STSTS S SGSRRNAFQGWYSANQCK 
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<SEQ ID NO: 257; PRT SEQ DOMAIN; Homo sapiens 
ALITILWLGAFMVTWGPYMWI 

<SEQ ID NO: 258; PRT SEQ DOMAIN; Homo sapiens 
ASEALWGKSSVSPS 
5 <SEQ ID NO: 259; PRT SEQ DOMAIN; Homo sapiens 
LETWATWLSFASAVCHPLIYGLW 

<SEQ ID NO: 260; PRT SEQ DOMAIN; Homo sapiens 

NKTVRKELLGMCFGDRYYREPFVQRQRTSRLFSISNRITDLGLSPHLTALMAGGQPLGHS 
SSTGDTGFSCSQDSGTDMMLLEDYTSDDNPPSHCTCPPKRRSSVTFEDEVEQIKEAAKNS 
10 ILHVKAEVHKSLDSYAASIaAICAIEAEAKINLFGEEALPGVLVTARTVPGGGFGGRRGSRT 
LVSQRLQLQSIEEGDVLAAEQR 

<SEQ ID NO: 261; PRT SEQ DOMAIN; Homo sapiens 
MKWQHALPTPRRGALTMSLNSSLSCRKELSNLTEEEGGEGGVIITQ 
<SEQ ID NO: 262; PRT SEQ DOMAIN; Homo sapiens 
15 FIAIIVITIFVCLGNLVIWTLY 

<SEQ ID NO: 263; PRT SEQ DOMAIN; Homo sapiens 
KKSYLLTLSNK 

<SEQ ID NO: 264; PRT SEQ DOMAIN; Homo sapiens 
FVFSLTLSNFLLSVLVLPFWTS 
20 <SEQ ID NO: 265; PRT SEQ DOMAIN; Homo sapiens 
S IRREWI FGWWCN 

<SEQ ID NO: 266; PRT SEQ DOMAIN; Homo sapiens 
FSALL YLLI SSASMLTLGVIAI 

<SEQ ID NO: 267; PRT SEQ DOMAIN; Homo sapiens 
25 DRYYAVLYPMVYPMKITGNR 

<SEQ ID NO: 268; PRT SEQ DOMAIN; Homo sapiens 
AVMALVYIWLHSLIGCLPPLFGW 

<SEQ ID NO: 269; PRT SEQ DOMAIN; Homo sapiens 
S SVEFDEFKWMCVAAWHKEPGYT 
30 <SEQ ID NO: 270; PRT SEQ DOMAIN; Homo sapiens 
AFWQIWCALFPFLVMLVCYGFIF 

<SEQ ID NO: 271; PRT SEQ DOMAIN; Homo sapiens 
RVARVKARKGHCGTWIVEEDAQRTGRKNSSTSTSSSGSRRNAFQGWYSANQCK 
<SEQ ID NO: 272; PRT SEQ DOMAIN; Homo sapiens 
35 AL I TI LWLGAFMVTWGP YMWI 

<SEQ ID NO: 273; PRT SEQ DOMAIN; Homo sapiens. 
ASEALWGKSSVSPS 

<SEQ ID NO: 274; PRT SEQ DOMAIN; Homo sapiens 

LETWATWLS FASAVCHPLI YGLW 
40 <SEQ ID NO: 275; PRT SEQ DOMAIN; Homo sapiens 

NKTVRKELIiGMCFGDRYYKEPFVQRQRTSRLFSISNRITDLGLSPHLTALMAGGQPLGHS 

SSTGDTGFSCSQDSGTDMMLLEDYTSDDNPPSHCTCPPKRRSSVTFEDEVEQIKEAAKNS 

ILHVKAEVHKSLDSYAASLAKAIEAEAKINLFGEEALPGVLVTARTVPGGGFGGRRGSRT 

LVS QRLQLQS IEEGDVLAAEQR 
45 <SEQ ID NO: 276; PRT SEQ DOMAIN; Homo sapiens 

MNSTCIEEQHDLDH 

<SEQ ID NO: 277; PRT SEQ DOMAIN; Homo sapiens 
YLFPIVYIFVIIVSIPANIGSLC 

<SEQ ID NO: 278; PRT SEQ DOMAIN; Homo sapiens 
50 VSFLQAKKESE 

<SEQ ID NO: 279; PRT SEQ DOMAIN; Homo sapiens 
LGIYLFSLSLSDLLYALTLPLWI 

<SEQ ID NO: 280; PRT SEQ DOMAIN; Homo sapiens 
DYTWNKDNWTFSPALCKGS 
55 <SEQ ID NO: 281; PRT SEQ DOMAIN; Homo sapiens 
AFLMYMNFYSSTAFLTCIAV 

<SEQ ID NO: 282; PRT SEQ DOMAIN; Homo sapiens 
DRYLAWYPLKFFFLRTRR 

<SEQ ID NO: 283; PRT SEQ DOMAIN; Homo sapiens 
60 FALMVSLSIWILETIFNAVMLWE 
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<SEQ ID NO: 284; PRT SEQ DOMAIN; 

DETVVEYCDAEKSNFTLCYDKYPLEKWQ 

<SEQ ID NO: 285; PRT SEQ DOMAIN; 

INIiNLFRTCTGYAIPLVTlLICN 
5 <SEQ ID NO: 286; PRT SEQ DOMAIN; 

RKVYQAVRHNKATENKEKKR 

<SEQ ID NO: 287; PRT SEQ DOMAIN; 

IIKLLVSITVTFVLCFTPFHVML 

<SEQ ID NO: 288; PRT SEQ DOMAIN; 
10 LIRC I LEHAVNFE DHSNS GKRT YT 

<SEQ ID NO: 289; PRT SEQ DOMAIN; Homo 

MYRITVALT S LNCVADPI LYCFV 

<SEQ ID NO: 290; PRT SEQ DOMAIN; 

TETGRYDMWNIUCFCTGRCNTSQRQRKRILSVSTKDTMELEVLE 
15 <SEQ ID NO: 291; PRT SEQ DOMAIN; Homo sapiens 

MNEDLKVNL S GLPRD YLDAAAAEN I S AAVS SRVPAVE PEPELWNP 

<SEQ ID NO: 292; PRT SEQ DOMAIN; Homo sapiens 

WDI VLCTSGTLI SCENAI WLI I 

<SEQ ID NO: 293; PRT SEQ DOMAIN; 
20 FHNPSLRAPMFL 

<SEQ ID NO: 294; PRT SEQ DOMAIN; 

LIGSLAIADIiIAGIGLITNFVFA 

<SEQ ID NO: 295; PRT SEQ DOMAIN; 

YLLQSEATK 

25 <SEQ ID NO: 296; PRT SEQ DOMAIN; 
LVTIGLIVASFSASVCSLIiAITV 

<SEQ ID NO: 297; PRT SEQ DOMAIN; Homo sapiens 
DRYLSLYYALTYHSERTVTF 
<SEQ ID NO: 298; PRT SEQ DOMAIN; 
30 TYVMLVMLWGTS ICLGLLPVMGW 

<SEQ ID NO: 299; PRT SEQ DOMAIN; 
NCLRDESTCSWRPLTKNN 

<SEQ ID NO: 300; PRT SEQ DOMAIN; Homo sapiens 
AAI LSVSFLFMFAI^MLQIjYIQI C 
35 <SEQ ID NO: 301; PRT SEQ DOMAIN; Homo sapiens 
KI VMRHAHQI ALQHHFL ATS HYVTTRK 

<SEQ ID NO: 302; PRT SEQ DOMAIN; Homo sapiens 

GVSTIiAI ILGTFAACWMPFTIi YS 

<SEQ ID NO: 303; PRT SEQ DOMAIN; 
40 LIADYTYPS 

<SEQ ID NO: 304; PRT SEQ DOMAIN; 

I YTYATLLPAT YNSI INPVI YAF 

<SEQ ID NO: 305; PRT SEQ DOMAIN; 

RNQE I QKALCL I CCGC IPS SLAQRARS PS DV 
45 <SEQ ID NO: 306; PRT SEQ DOMAIN; Homo sapiens 

MNSSFHLHFLDLNIiNATEGNLSGPNVKNKSSPCEDM 

<SEQ ID NO: 307; PRT SEQ DOMAIN; Homo sapiens 

GIAVEVFLTLGVI SLLEN ILVIG 

<SEQ ID NO: 308; PRT SEQ DOMAIN; Homo sapiens 
50 AIVKNKNLHSPM 

<SEQ ID NO: 309; PRT SEQ DOMAIN; Homo sapiens 
YFFVCSLAVADMLVSMSSAWETI 

<SEQ ID NO: 310; PRT SEQ DOMAIN; Homo sapiens 
TIYLLNNKHLVIADAFVRHID 
55 <SEQ ID NO: 311; PRT SEQ DOMAIN; Homo sapiens 
NVFDSMICISWASMCSLLAIAV 

<SEQ ID NO: 312; PRT SEQ DOMAIN; Homo sapiens 
DRYVTIFYALRYHHIMTARR 

<SEQ ID NO: 313; PRT SEQ DOMAIN; Homo sapiens 
60 SGAIIAGIWAFCTGCGIVFILYS 
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<SEQ ID NO: 314; PRT SEQ DOMAIN; Homo sapiens 
EST 

<SEQ ID NO: 315; PRT SEQ DOMAIN; Homo sapiens 
YVILCLI SMFFAMLFLLVSLYIH 
5 <SEQ ID NO: 316; PRT SEQ DOMAIN; Homo sapiens 
MFLLARTHVKRIAALPGASSARQRTSMQGA 
<SEQ ID NO: 317; PRT SEQ DOMAIN; Homo sapiens 
VTVTMLLGVFTVCWAPFFLHLTL 

<SEQ ID NO: 318; PRT SEQ DOMAIN; Homo sapiens 
10 MLSCPQNLYCSRFM 

<SEQ ID NO: 319; PRT SEQ DOMAIN; Homo sapiens 
SHFNMYLILIMCNSVMDPLIYAF 

<SEQ ID NO: 320; PRT SEQ DOMAIN; Homo sapiens 
RSQEMRKTFKEI ICCRGFRIACSFPRRD 
15 <SEQ ID NO: 321; PRT SEQ DOMAIN; Homo sapiens 
MLMASTTSAVPGHPSLPSLPSNSSQERPLDTRDPLLARAE 
<SEQ ID NO: 322; PRT SEQ DOMAIN; Homo sapiens 
LALLSIVFVAVALSNGLVLAAIiA 

<SEQ ID NO: 323; PRT SEQ DOMAIN; Homo sapiens 
20 RRGRRGHWAPIH 

<SEQ ID NO: 324; PRT SEQ DOMAIN; Homo sapiens 
VFIGHLCIADIAVALFQVLPQIiA 

<SEQ ID NO: 325; PRT SEQ DOMAIN; Homo sapiens 
WKATDRFRGPDALCRAVKY 
25 <SEQ ID NO: 326; PRT SEQ DOMAIN; Homo sapiens 
LQMVGMYASSYMILAMTL 

<SEQ ID NO: 327; PRT SEQ DOMAIN; Homo sapiens 
DRHRAICRPMLAYRHGSGAH 

<SEQ ID NO: 328; PRT SEQ DOMAIN; Homo sapiens 
30 WNRPVLVAWAFSLLLSLPQLFIF 

<SEQ ID NO: 329; PRT SEQ DOMAIN; Homo sapiens 
AQRNVEGGSGVTDCWACFAEPWGRRTY 

<SEQ ID NO: 330; PRT SEQ DOMAIN; Homo sapiens 
VTWIALMVFVAPTLGI AACQVL I 
35 <SEQ ID NO: 331; PRT SEQ DOMAIN; Homo sapiens 
FREIHASLVPGPSERPGGRRRGRRTGSPGEGAHVSAAVAKTVRMT 
<SEQ ID NO: 332; PRT SEQ DOMAIN; Homo sapiens 
LVIVVVYVLCWAPFFLVQLWAAW 

<SEQ ID NO: 333; PRT SEQ DOMAIN; Homo sapiens 
40 DPEAPLEGA 

<SEQ ID NO: 334; PRT SEQ DOMAIN; Homo sapiens 
PFVLLMLLASLNSCTNPWI YAS F 

<SEQ ID NO: 335; PRT SEQ DOMAIN; Homo sapiens 
SSSVSSELRSLLCCARGRTPPSLGPQDESCTTASSSLAKDTSS 
45 <SEQ ID NO: 336; PRT SEQ DOMAIN; Homo sapiens 
MRTLNTSAMDGTGLWERDFSVRILTAC 

<SEQ ID NO: 337; PRT SEQ DOMAIN; Homo sapiens 
FLSLLILSTLLGNTLVCAAVIRF 

<SEQ ID NO: 338; PRT SEQ DOMAIN; Homo sapiens 
50 RHLRSK 

<SEQ ID NO: 339; PRT SEQ DOMAIN; Homo sapiens 
VTNFFVI SLAVSDLLVAVLVMPW 

<SEQ ID NO: 340; PRT SEQ DOMAIN; Homo sapiens 
KAVAE I AGFWPFGS 
55 <SEQ ID NO: 341; PRT SEQ DOMAIN; Homo sapiens 
FCNIWVAFDIMCSTASILNLCVI 

<SEQ ID NO: 342; PRT SEQ DOMAIN; Homo sapiens 
SVDRYWAI S SPFRYERKMTPK 

<SEQ ID NO: 343; PRT SEQ DOMAIN; Homo sapiens 
60 AAFILISVAWTIiSVLISFIPVQL 
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<SEQ ID NO: 344; PRT SEQ DOMAIN; Homo sapiens 
SWHKAKPTSPSDGNATSLAETIDNCDSSLSRTYA 
<SEQ ID NO: 345; PRT SEQ DOMAIN; Homo sapiens 
I S S SVI SPYIPVAIMIVT YTRI Y 
5 <SEQ ID NO: 346; PRT SEQ DOMAIN; Homo sapiens 

RIAQKQIRRIAALERAAVHAKNCQTTTGNGKPVECSQPESSFKMSFKRETKVLK 
<SEQ ID NO: 347; PRT SEQ DOMAIN; Homo sapiens 
TLSVIMGVFVCCWLPFFILNCIL 

<SEQ ID NO: 348; PRT SEQ DOMAIN; Homo sapiens 
10 PFCGSGETQPFCIDSNTFD 

<SEQ ID NO: 349; PRT SEQ DOMAIN; Homo sapiens 
VFVWFGWANSSLNPIIYAFN 

<SEQ ID NO: 350; PRT SEQ DOMAIN; Homo sapiens 

ADFRKAFSTLLGC YRLCPATNNAIETVS INNNGAAMFS SHHE PRGS I SKECNLVYLI PHA 
15 VGSSEDLKKEEAAGIARPLEKLSPALSVILDYDTDVSLEKIQPITQNGQHPT 
<SEQ ID NO: 351; PRT SEQ DOMAIN; Homo sapiens 

GMREECVLSEEQIRLKKLKRQEEEQAHATSLPPRASSPPQIIiPQIiSPEQLGMIEKIiVAAQ 
QQCNRRSFS DRIiRVTPWPMAPDPHSREARQQRFAHFTELAIVS VQE I VDFAKQIiPGFLQL 
SREDQIALLKTSAIEVMLLETSRRYNPGSESITFLKDFSYNREDFAKAGLQVEFINPIFE 
20 FSRAMNELQLNDAEFALLIAISIFSADRPNVQDQLQVERLQHTYVEALHAYVSIHHPHDR 
LMFPRMLMKLVSIiRTIiSSVHSEQVFAIiRLQDKKIiPPIjLSEIWDVHE* 
<SEQ ID NO: 352; PRT SEQ DOMAIN; Homo sapiens 
MDTYMRRKCQECRLRKCRQAGMREECVLSEEQIRLKIO^KRQEE 

ILPQLSPEQLGMIEKLVAAQQQCNRRSFSDRLRVTPWPMAPDPHSREARQQRFAHFTELA 
25 IVSVQEIVDFAKQLPGFLQLSREDQIALLKTSAIEVMLLETSRRYNPGSESITFLKDFSY 
NRE DFAKAGLQVEFINP I FEFSRAMNELQLNDAE FALL IAI S I FSADRPNVQDQLQVEKL 
QHTYVEALHAWSIHHPHDRIiMFPRMLMKLVSLRTLSSVHSEQVFALRLQDKKLPPLLSE 
IWDVHE 

<SEQ ID NO: 353; PRT SEQ DOMAIN; Homo sapiens 
30 EKLVAAQQQCNRRSFSDRLRVTPWPMAPDPHSREARQQRFAHFTELAIVSVQEIVDFAKQ 
LPGFLQLSREDQIALLKTSAIEVMLLETSRRYNPGSESITFLKDFSYNREDFAKAGLQVE 
FINPI FE FSRAMNELQLNDAEFALLI AI S I FSADRPNVQDQLQVERLQHT YVEALHAYVS 
IHHPHDRLMFPRMLMKLVSLRTLSSVHSEQVFALRLQDKKLPPIjLSEIWDVHE 
<SEQ ID NO: 354; PRT SEQ DOMAIN; Homo sapiens 
35 ELAIVSVQEIVDFAKQLPGFLQLSREDQIALLKTSAIEVMIjIiETSRRYNPGSESITFLKD 
FSYNREDFAKAGLQVEFINPIFEFSRAM^LQLNDAEFAIjLIAISIFSADRPNVQDQLQV 
ERLQHTYVEALHAWSIHHPHDRLMFPRMLMKLVSLRTLS 
<SEQ ID NO: 355; PRT SEQ DOMAIN; Homo sapiens 

RANGLKLEAMS QVIQAMPS DLTIS SAIQNI HS ASKGLPLNHAALPPTDYDRS PFVTS PIS 
40 MTMPPHGSLQGYQTYGHFPSRAIKSEYPDPYTSSPESIMGYSYMDSYQTSSPASIPHLIIi 
ELLKCEPDEPQVQAKIMAYLQQEQANRSKHEKLS TFGLMCKMADQTLFS IVEWARS S I FF 
RELKVDDQMKLLQNCWSELLILDHI YRQWHGKEGS IFLVTGQQVDYS 1 1 ASQAGATLNN 
LMSHAQELVAKLRSLQFDQREFVCLKFLVLFSLDVKNLENFQLVEGVQEQWAALLDYTM 
CN YPQQTEKFGQLLIjRIiPE IRAI SMQAEE YL YYKHLNGDVP YNNLI/IEMLHAKRA 
45 <SEQ ID NO: 356; PRT SEQ DOMAIN; Homo sapiens 

PTDYDRSPFVTSPISMTMPPHGSIiQGYQTYGHFPSRAIKSEYPDPYTSSPESIMGYSYMD 
SYQTSSPASIPHLILELLKCEPDEPQVQAKIMAYLQQEQANRSKHEKLSTFGLMCKMADQ 
TLFSIVEWARSSIFFRELKVDDQMKLLQNCWSELLILDHIYRQVVHGKEGSIFLVTGQQV 
D YS I IAS QAGATLNNLMSHAQELVAKLRSLQFDQRE FVCLKFLVLFSL DVKNLENFQLVE 
50 GVQEQVNAALLDYTMCNYPQQTEKFGQLLLRLPEIRAI SMQAEE YLYYKHLNGDVP YNNL 
LIEMLHAKRA 

<SEQ ID NO: 357; PRT SEQ DOMAIN; Homo sapiens 

KMADQTLFSIVEWARSSIFFRELKVDDQMKLLQNCWSELLILDHIYRQWHGKEGSIFLV 
TGQQVDYS 1 I ASQAGATLNNLMS HAQELVAKLRS LQFDQREFVCLKFLVLFSLDVKNLEN 
55 FQLVEGVQEQVNAALLDYTMCNYPQQTEKFGQLLLRLPEIRAIS 

<SEQ ID NO: 358; PRT SEQ DOMAIN; Homo sapiens 

EGVRLDRVRGGRQKYKRRI DAENS P YLNPQLVQPAKKPYNKI VSHLLVAE PEKI YAMPDP 
TVPDSDIKALTTLCDLADREIjVVI I GWAKHIPGFSTLSLADQMSLLQSAWMEILIIjGWY 
RSLS FEDEIjVYADDYIMDEDQSKLAGLLDIjNNAI lqlvkkyksmklekee fvtlkaiala 
60 NSDSMHIEDVEAVQKXQDVLHEALQDYEAGQHMEDPRRAGI^MIjMTLPLLRQTSTKAVQHF 
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YNIKLEGKVPMHKLFLEMLEAKV 

<SEQ ID NO: 359; PRT SEQ DOMAIN; Homo sapiens 

DLADRELVVIIGWAKHIPGFSTLSLADQMSLLQSAWMEILILGVVTKSLSFEDELVYADD 

YIMDE DQSKLAGLLDLNNAIIiQLVKKYKSMKLEKEE FVTLKAIALANS DSMHIE DVEAVQ 

KLQDVLHEALQDYEAGQHMEDPRRAGKMLMTLPLLRQTS 

<SEQ ID NO: 360; PRT SEQ DOMAIN; Homo sapiens 

CKEAGMREQCVLSEEQIRKKKIRKQQQQESQSQSQSPVGPQGSSSSASGPGASPGGSEAG 

SQGSGEGEGVQLTAAQELMIQQLVAAQLQCNKRSFSDQPKVTPWPLGADPQSRDARQQRF 

AHFTELAIISVQEIVDFAKQVPGFLQLGREDQIAIJjKASTIEIMIiLETT^RRYNHETECIT 

FLKDFTYSKDDFHRAGLQVEFINPIFEFSRAMRRLGLDDAEYALLIAINIFSADRPNVQE 

PGRVEALQQPYVEALLSYTRIKRPQDQLRFPRMLMKLVSLRTL^ 

LPPLLSEIWDVHE* 

<SEQ ID NO: 361; PRT SEQ DOMAIN; Homo sapiens 

QGSGEGEGVQLTAAQELMIQQLVAAQLQCNKRSFSDQPKVTPWPLGADPQSRDARQQRFA 
HFTELAIISVQEIVDFAKQVPGFLQLGREDQIALLKASTIEIMLLETARRYNHETECITF 
LKDFTYSKDDFHRAGLQVEFINP I FE FSRAMRR1GLDDAE YALLIAINI FS ADRPNVQE P 
GRVEALQQPYVEALLSYTRIKRPQDQLRFPRMLMKLVSLRTLSSVHSEQVFALRLQDKKL 
PPLLSEIWDVHE 

<SEQ ID NO: 362; PRT SEQ DOMAIN; Homo sapiens 

EGEGVQLTAAQELMIQQLVAAQXiQCNKRS FS DQPKVTPWPLGADPQSRDARQQRFAHFTE 
LAIISVQEIVDFAKQVPGFLQLGREDQIALLKASTIEIMLLETARRYNHETECITFLKDF 
TYSKDDFHRAGLQVEFINPIFEFSRAMRRLGLDDAEYALLIAINIFSADRPNVQEPGRVE 
ALQQPYVEALLSYTRIKRPQDQLRFPRMLMKLVSLRTLSSVHSEQVFAIiRLQDKKLPPLL 
SEIWDVHE 

<SEQ ID NO: 363; PRT SEQ DOMAIN; Homo sapiens 

ELAIISVQEIVDFAKQVPGFLQLGREDQIAIiLKASTIEIMLIiETARRYNHETECITFLKD 
FTYSKDDFHRAGLQVEFINPIFEFSRAMRRLGLDDAEYALLIAINIFSADRPNVQEPGRV 
EALQQPYVEALLSYTRIKRPQDQI»RFPRMLMKLVSLRTLS 
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We claim: 

1. A method for identifying a compound that promotes osteogenesis in a population of 
vertebrate cells including osteoblast progenitor cells, comprising 

(a) contacting a compound with a polypeptide comprising an amino acid sequence 
5 selected from the group consisting of SEQ ID NO: 1-18 and 201-363; and 

(b) measuring a compound-polypeptide property related to osteogenesis. 

2. The method according to claim 1, wherein said polypeptide comprises SEQ ED NO: 1- 
18, 201-362, or 363 in an in vitro cell-free preparation. 

3 . The method according to claim 1 , wherein said polypeptide is membrane-bound. 

10 4. The method according to claim 3, wherein said polypeptide is present as a 
transmembrane cell receptor in a mammalian cell. 

5. The method of claim 1, wherein said property is a binding affinity of said compound to 
said polypeptide. 

6. The method of claim 1, wherein said property is activation of a biological pathway 
1 5 producing an indicator of osteogenic differentiation. 

7. The method of claim 6 wherein said polypeptide coirprises SEQ ED NO: 1-17 or 18. 

8. The method of claim 7 and wherein said indicator is a second messenger that is cyclic 
AMP or Ca 2+ . 

9. The method of claim 6 wherein said indicator is bone alkaline phosphatase, type-1 
20*, collagen, osteocalcin, or osteppontin. 

10. The method of claim 9 wherein said indicator is bone alkaline phosphatase. 

11. The method according to claim 6 wherein said indicator induces the expression of a 
reporter in said mammalian cell. 

12. The method according to claim 11 wherein the reporter is selected from the group 
25 consisting of alkaline phosphatase, GFP, eGFP, dGFP, luciferase and B-galactosidase. 

; 13. The method according to claim 1, wherein said compound is selected from the group 
consisting of compounds of a commercially available screening library and compounds 
that have been demonstrated to have binding affinity for a polypeptide comprising an 
amino acid sequence selected from the group consisting of SEQ ID NO: 1-18 and 201- 
30 363. 

14. The method according to claim 13, wherein said compound is a peptide in a phage 
display library or an antibody fragment library, 

15. The method according to claim 13, wherein said compound is an agonist of a GPCR or 
aNHR. 
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16. A pharmaceutical composition fox the treatment or prevention of a condition involving 
an imbalance in bone homeostasis or a susceptibility to the condition, comprising a 
therapeutically effective amount of an expressible nucleic acid sequence encoding a 
polypeptide comprising an amino acid sequence selected from the group consisting of 

5 SEQ ID NO: 1-18 and 201-363. 

17. The pharmaceutical composition according to claim 16, wherein a vector in a 
vertebrate cell expresses said nucleic acid sequence. 

18. The pharmaceutical composition according to claim 17, wherein said vector is an 
adenoviral, retroviral, adeno-associated viral, lentiviral, a herpes simplex viral or a 

10 sendaiviral vector. 

19. The pharmaceutical composition according to claim 18, wherein said nucleic acid 
sequence is selected from the group consisting of SEQ ID NO: 1-18. 

20. A method of promoting osteogenic differentiation in a subject suffering or susceptible 
to an imbalance in bone homeostasis, comprising administering to said subject a 

15 therapeutically effective amount of an agonist of a polypeptide comprising an amino 

acid sequence selected from the group consisting of SEQ ID NO: 1-18 and 201-363. 

21. A method according to claim 20 wherein the imbalance in bone homeostasis is due to 
hypocalcaemia of malignancy, Paget's disease, inflammatory bone diseases such as 
rheumatoid arthritis and periodontal disease, focal osteogenesis occurring dining 

20 skeletal metastases, , fa Crouzon's syndrome, rickets, opsismodysplasia, 
pycnodysostosis/Toulouse-Lautrec disease, osteogenesis imperfecta, or osteoporosis. 

22. The method according to claim 21 for treatment or prevention of osteoporosis. 

23. A pharmaceutical composition for the treatment or prevention of an imbalance in bone 
homeostasis or a susceptibility to the condition, comprising an effective bone alkaline 

25 phosphatase-inducing amount of a compound that is known to be an agonist for one or 
more of the GPCR protein receptors of SEQ ED NOs: 1, 5-10, 14 -16 or 17. 

24. A composition according to claim 23, wherein said compound is present as its 
pharmaceutically acceptable salt, hydrate, solvate, or prodrug in admixture with a 
pharmaceutically acceptable carrier. 

30 25. A composition according to claim 24, further comprising labeling indicating use of said 
con^osition for the treatment or prevention of a condition involving an imbalance in 
bone homeostasis or a susceptibility to said condition. 
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26. A method for in vitro production of bone tissue comprising applying 
undifferentiated vertebrate cells onto a substrate to form a cellular layered article, 
and contacting a polynucleotide comprising a expressible nucleic acid sequence 

5 selected from the group consisting of SEQ ID NO: 1-18 with said article for a time 

sufficient to differentiate said undifferentiated cells into osteoblasts, thereby 
producing a matrix containing osteoblast cells. 

27. A method according to claim 26, wherein said osteoblasts deposit sufficient 
calcium to form bone tissue that comprises a thickness of at least 0.5 pm on the 

10 surface of said substrate. 

28. A method for producing osteoblasts for an implant comprising inducing ex vivo 
differentiation of mesenchymal pluripotent cells into osteoblasts by contacting a 
polynucleotide comprising an expressible nucleic acid sequence selected from the 
group consisting of SEQ ID NO: 1-18 into said pluripotent cells, and isolating the 

15 osteoblasts produced thereby. 

29. A method for producing an bone tissue implant comprising mixing the osteoblasts 
isolated in claim 28, with a matrix-forming material to form a osteoblast 
composition; and applying said osteoblast composition to a synthetic graft to 
produce an implant 

20 30. A composition for the treatment of defects in bones comprising a, bone-defect 
filling matrix containing undifferentiated vertebrate cells and a polynucleotide 
comprising an expressible nucleic acid selected from the group consisting of SEQ 
ID NO: 1-18, wherein said polynucleotide is present in said matrix at a 
concentration effective to induce osteoblast differentiation. 

25 31. A composition according to claim 30, wherein a transfectable vector comprises said 
expressible polynucleotide. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 



GW3965 & Ad-NR1H3 




- MOI2000 

* MOI666 

» compound only 



log (GW3965) M 





MOI 2000 MOI 666 


LOGEC50 


-5.229 -4-893 



Dose-dependent up-regulation of AP activity by the 
LXR agonist GW3965 in the presence of Ad-NR1H3. 



9/23 



WO 2006/000576 



PCT/EP2005/052970 



Figure 10 
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Figure 11 
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Figure 12 

Structure of the acetyl podocarpic dimer (APD) 
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Figure 13 

Dose-dependent up-iegulation of AP activity by the LXR agonist APD in the presence of Ad-NR1H2 or Ad- 
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Figure 14 A 

Ct values for iriRNA levels in different cell types or tissue for beta-actin or 4 target genes 
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Figure 14 B 
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Figure 14 C 
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Figure 14 D 
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Figure 16 

Upregulation of NR5A2 and NR1H3 mRNA levels by osteogenic triggers 
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fold upregulation of NR1H3 mRNA levels 
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*; dpi: days post infection; dpt: days post treatment 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 
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